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l.o  SUMMARY 


the  NASA-Lewis  Research  Center  under  Contract  En£ine*  8P°n8<**d  by 

research  program  that  provided  ?or  the  aL.lf  v^3"^26?*  Was  aft  a*Perimental 
internal  and  fat-field  fluctuating  ptlsture  recorded 

were  used  to  determine  the  contribution asur*mefits‘  Those  measurements 
noise  signature  of  the  CF6-50  hiah-b™*^  Hr  ®0,nbust?r  t0  iar-field 
tives  were  to  (1)  investigate  the  internal  C“rbofftt  enSlfte-  'The  program  objec- 
region;  (2)  determine  coherence  functions  ideations  in  the  combustor 

and  phase),  with  time  delay  removed  ^or  factions  (magnitude 

internal  to  far  field;  and  (3)  to  determiL  fk  °f  *fttefnal  censors  and  from 
£a?-field  measurements*  e output  power  in  the 

C.«nE3?5V“  ZTltiT^  P“k  to  occuf  be- 

tfb  comparisons  from  fluctuating  pressura^ff''1”'  E“*lne  P0"61  l«vel  spec- 
ious engine  results  and  fuu“?.u were  mads  batuesn  pre- 

The  *pp«rent  primary  source  location  withi^hf0”?0!!'"11  duct  ri*  ««olts. 
using  the  vectoring  of  time  delays  fro*  r,!?8  combustor  was  investigated 
fluctuating  pressure  Signals.  Groups  of  frfrCOt-latlonS  betWeen  pairs  of 
time  delays  were  identified  from  oross-sbeerJ  co#r*8Pohding  to  the 

coherence  functions  determined  Vthl  AlTilu  pba*e  *e8ults‘  Ordinary 
aents  gave  generally  low  coherence  levels  to  intarnal  aeasure- 

quenoy  range  (50  to  100  Hz).  Transfer  fuJ?/1  ? °I4)  0Ver  a 1 *•**«<»  fre- 
Obtamed  for  a range  of  enein* f *tl0Q  <gaia  and  phase)  plots  were 
eluding  approach  « 

coherent  portion  of  the  fluctuating  pressurf^ 11^°™  * d6teftnined  froai  the 
charge  and  core  nozzle  discharge  rflati II  £ “*a8ure®®nts  at  combustor  dis- 
were  compared  to  previous  engine  faults  ® Coobu8tor  i<*l6t  spectra, 

output  power,  determined  frof  the  otdiJLv  tHe0ry‘  *ha  ^here^t 

measurements  relative  to  the  internal  coh6*ence  analysis  of  the  far-field 
low  values.  The  above  results  WeJe  ib?ain^f “ °n  fhe  CP6"56  «*»•.  gav£_ 
operating  range  of  the  CF6-50  engine  An*  „ points  covering  the 

power  region.  The  program  Provide? *f d concentrated  around  the  approfeh 

data  on  the  CF6=50  engine  that  will  tdd^th^1^  ■ t0  dd<luir*  * unique  set  of 
investigation.  WlU  add  to  the  e«8™e  data  bank  for  noise 
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2.0  INTRODUCTION 


The  Core  Noise  Investigation  of  the  CF6-50  turbofan  engine  was  an  ex* 
perimental  research  program  sponsored  by  the  National  Aeronautics  and  Space 
Administration's  Lewis  Research  Center  of  Cleveland*  Ohio,  that  examined  com* 
bust or  internally  generated  noise  and  its  influence  on  noise  measurements 
in  the  far  field.  This  program  was  built  on  earlier  work  conducted  under 
the  Experimental  Clean  Combustor  Program,  Phase  III  (NAS3-19736)  on  a CF6-50 
engine  in  a test  cell. 

The  primary  objective  of  the  Core  Noise  Investigation  program  was  to 
obtain  simultaneous  internal  and  far*f’'  »ld  dynamic  pressure  measurements  on 
a CF6-50  high-bypass  turbofatt  engine  a order  to  determine  the  acoustic  con* 
tribution  of  the  combustor  to  the  far-field  noise  Signature  of  the  engine. 


A standard  product ion*type  annular  combustor  used  for  the  engine  test 
provided  comparative  data  with  full-scale  component  results  of  a similar 
combustor  tested  under  the  Experimental  Clean  Combustor  Program.  Phase  II 
(NAS3-18551). 


The  secondary  objectives  of  this  program,  to  be  determined  or  evaluated 
from-the  measurements,  included  the  following: 

• The  turbine  acoustic  transfer  and  coherence  function  from  the 
present  engine  test  and  comparison  with  existing  data  and  theory 

• The  location  of  the  apparent  primary  noise  source  in  the  core 
engine 

• The  acoustic  power  level  in  the  combustor  and  in  the  core  nozzle 
exhaust  duct,  comparing  these  results  with  the  General  Electric 
core  noise  predictions 

The  data  acquired  under  this  program  will  form  a unique  set  of  measure- 
ments on  the  CF6-50  engine  which  expands  the  data  base  for  core  noise  investi* 
gat ion. 
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3 . 0  TEST  DESCRIPTION 


3.1  CF6-50  ENGINE  TEST  VEHICLE 

The  Vehicle  used  in  the  acoustic  test  for  the  Core  Noise  Investigation 
program  was  the  CF6-50  engine  (Serial  Number  455-768)  with  a standard  produc- 
tion-type annular  combustor. 

The  CF6-50  engine  is  a dual  rotor,  axial  flow  tutbofan  powefplattt  having 
a high-bypass  ratio.  It  is  comprised  of  a 14-stdge  high-pressure  compressor 
driven  by  a 2-stage  high-pressure  turbine,  and  has  an  integrated  front  fan  and 
low  pressure  compressor,  driven  by  a 4-stage  low-pressure  turbine.  The  annu- 
lar combustor  converts  fuel  and  compressor  discharge  air  into  energy  to  drive 
the  turbines.  The  accessory  drive  system  extracts  energy  from  the  high-pres- 
sure, high-speed  rotor  to  drive  the  engine  accessories  and  the  engine -mounted 
aircraft  accessories. 

The  core  exhaust  on  this  test  vehicle  was  fitted  with  a long,  fixed  (non- 
reversing) annular  plug  nozzle.  A bellmouth  lip  was  mounted  to  the  engine 
inlet.  Figure  3.1-1  is  an  illustration  of  a typical  GF6-50  engine  and  nacelle 
without  a bellmouth  inlet.  Some  key  specifications  of  the  CF6-50C  engine  are 
listed  in  Table  3.1-1. 


3 . 2 CF6-50  STANDARD  PRODUCTION  COMBUSTOR 


The  CF6-5C  standard  production  combustor  is  a high-performance  annular 
combustor  incorporating  a low-presSure-loss  step  diffuser,  carbureting  swirl- 
cup-dome  design  and  a short  burning  length.  The  step  diffuser  has  a pressure 
loss  of  about  1 7*  of  the  total  pressure  and  does  not  vary  signLficantly  over 
the  engine  cycle.  The  design  of  the  step  diffuser  provides  a uniform,  steady 
airflow  distribution  into  the  combustor.  Thirty  vortex-inducing,  axial  swirl 
cups  with  venturi  tubes  are  used  (one  for  each  of  its  corresponding  fuel  noz- 
zles)  to  provide  flame  Stabilization  and  mixing  of  the  fuel-air  mixture.  The 
combustion  liner  skirts  are  composed  of  a series  of  dircumferentially  stacked 
rings  which  are  continuously  film— Cooled  to  protect  the  skirts  from  the  high 
convective  and  radiant  heat.  Primary  combustion  zone  cooling  air  entry  is 
provided  by  closely  Spaced  dilution  holes  in  each  ring*  These  holes  augment 
the  recirculation  for  flame  stabilization  and  admit  the  balance  of  the  primary 
combustion  air.  Figure  3.2-l(a)  illustrated  the  mechanical  design  features 
of  the  combustor  system  in  the  CF6-50  engine. 

The  combustor  airflow  distribution  is  illustrated  in  Figure  3.2-l(b). 
Compressor  discharge  air  (W3)  enters  the  prediffuser  passage  and  is  split 
into  three  streams;  outer,  center,  and  inner  at  diffuser  discharge.  The  com- 
bustion airflow  enters  the  combustion  zone  through  either  swirl  cups,  dilu- 
tion holes,  or  film  cooling  slots.  The  air  used  in  the  combustion  process, 


table  3.1-1. 


CF6-50C  Engine  Specifications 


• takeoff  Rating  (SLS) 

Thrust 

Specific  Fuel  Consumption 

• Maximum  Cruise  (Mach  0.85/10.7  km) 

Thrust 

Specific  Fuel  Consumption 
► Weight 
1 Length 

1 Maximum  Diameter  

Pressure  Ratio 
Takeoff 

Maximum  Cruise 
Bypass  Ratio  (Takeoff) 

Total  Airflow  (Takeoff) 


224.2  kN  (50,400  lbf) 

10.7  ffig/Ns  (0.377  lbm/lbf-hr) 

48  kN  (10,800  lbf) 

18.6  mg/Ns  (0.656  lbm/lbf-hr) 

3780  kg  (8330  lb) 

482  cm  (190  in.) 

272  cm  (107  in.) 

29. 4 

31.4 

4.4 

6$9  kg/s  (1452  lbm/s) 
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either  directly  or  indirectly,  is  only  that  air  (Wc)  that  exits  the  combus- 
tor. The  outet  and  inner  flow  streams  are  smoothly  accelerated  around  the 
combustor  cowling  and  enter  the  combustion  zone  through  the  outer  and  inner 
passages  Which  consist  of  holes  and  slots.  Thirty  percent  of  Wc  is  liner  cool- 
ing flow  which  enters  the  combustion  reaction  zone  through  film  cooling  slots. 
The  center  Stream  flows  into  the  combustor  primary  zone  through  the  dome  cowl- 
ing to  the  swirl  cups.  The  cowling  opening  is  sized  to  provide  free-stream 
diffusion  of  the  dome  flow.  This  results  in  higher  pressure  recovery  in  the 
center  stream.  The  higher  pressure  recovery  generates  higher  pressure  drops 
across  the  dome  and  therefore  higher  velocities  through  the  swirl  cups  and 
other  dome  flow  openings. 

The  combustion  process  of  chemically  reacting  a liquid  fuel  with  air,  for 
heat  release,  is  nonhomogeneous  by  nature.  The  local  fuel-air  ratio  is  a func- 
tion of  the  location  in  the  combustor.  When  fuel  enters  the  primary  zone  close 
to  the  swirl  cups,  the  fuel-air  ratio,  is  close  to  Stoichiometric  and  decreases 
from  that  value  as  the  fuel-air  mixture  travels  axially  down  the  combustor. 

The  dilution  holes  and  film  cooling  slots  dilute  the  primary  zone  mixture  and, 
to  an  extent,  react  with  it.  Typically,  the  fuel-air  ratio  determined  from 
the  airflow  that  exits  the  combustor  is  used  in  analysis. 

Relevant  design  parameters  for  the  CF6-50  combustor  are  shown  in  Table 
3.2-1. 


3.3  TEST  OBJECTIVES 


The  primary  objective  of  the  acoustic  test  on  the  CF6-50  engine  was  to 
obtain  simultaneous  internal  and  far-field  fluctuating  pressure  measurements 
for  the  purpose  of  determining  the  influence  of  the  internally  generated  com- 
bustor noise  on  the  far-field  signature  of  the  engine.  Comparisons  of  the  in- 
ternal measurements  from  this  engine  test  With  a standard  production  combustor 
were  to  be  made  with  previous  full-scale  component  test  results  on  a similar 
type  of  combustor. 

Other  objectives  to  be  determined  or  evaluated  from  the  engine  measure- 
ments included  the  turbine  acoustic-transfer  function  (magnitude  and  phase) 
and  coherence  function  from  the  present  test,  the  location  of  the  apparent 
primary  noise  source  in  the  core  engine,  the  coherent  output  power  in  the  far 
field,  and  the  acoustic  power  level  in  the  combustor  and  in  the  core  nozzle 
ekhaust  duct,  Comparing  these  results  with  the  General  Electric  Core  Noise 
Predictions. 


3.4  Test  setup 

The  setup  for  the  test  of  the  CP6-50  engine  was  done  at  the  outdoor 
acoustic  test  Site  4D*  located  at  the  General  Electric's  Proving  Ground 
Facility  144.81-km  (90-mi)  east  of  Cincinnati  in  Peebles,  Ohio. 
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table  3.2-1.  CF6-50  Combustor*  Design  parameters. 


Combustor  Airflow  (Wc) 
Compressor  Exit  Much  Number 
Overall  System  Length 
Burning  Length  (Lg) 

Dome  Height  (Hq) 

Lg/HD 

Re  ference-Veloc  i t y 
Reference  Area 

Space  Rate 

Dumber  of  Fuel  Nozzles 
Fuel  Nozzle  Spacing  (B) 

Lg/B 

8/% 


103.42  kg/s  (228.0  lb/ sec) 
0.27 


75.95  cm  (29.90  in.) 
34.8  cm  (13.70  itt.) 
11.43  cm  (4.50  in.) 


3.0 


25.9  m/s  (85  ft/sec) 

3729  cm2  (578  in.2) 

602.91  y*  (5.905  x 106 
m-Fa  V 

4.3%  (Total) 


Btu 

hr-ft3-atm 


30 


6.91  cm  (2.72  in.) 


5.0 


0.60 


3*4.1  Engine  Installation 


The  engine  was  installed  on  Che  open  trussed  cantilever  support  stand  at 
Site  4D  with  a long  boattail  failing.  The  engine  was  horizontally  suspended 
troa  the  thrust  stand  at  an  engine  centerline  height  of  3.96  to  (13  ft)  above 
the  concrete  surface  of  the  Sound-field  arena.  Figure  3.4-1  is  a photograph 
of  the  engine  installed  on  the  test  stand.  All  performance  rakes  were  removed 
from  the  fan  inlet,  fan  exhaust,  and  core  ekhaust  ducts  for  the  acoustic  test. 

Internal  dynamic  pressure  sensors  Were  installed  in  available  access  ports 
on  the  engine  in  the  region  of  the  combustor  and  in  the  core  exhaust  nozzle. 


3.4.2  Acoustic  Arena 

The  acoustic  arena  was  set  up  within  the  level,  flat,  semicircular  area 
with  a concrete  surface  of  up  to  252.4«m  (500-ft)  diameter  which  was  located 
on  the  open  cantilever  side  of  the  engine  stand.  The  far-field  microphone 
array  of  16  ground-mounted  microphones  wa«j  placed  on  the  concrete  area  of 

fi*6.  i’^?UalJy  fpaced  af0und  ? 45*7"m  (l5°-ft>  **c  encompassing  angles,  from 
10  to  160  relative  to  the  engine  inlet  axis  as  illustrated  in  Figure  3.4-2. 

The  microphone  arc  was  centered  at  the  fan  rtoazle  exit.  The  microphones  were 
positioned  at  a height  of  1.27  cm  (0.5  in.)  above  the  ground  plane  and  ori- 
ented vertically  with  the  microphone  head  pointed  at  the  concrete. 


3.4.3  Data  Acquisition  System 

The  data  acquisition  system  setup  included  all  the  necessary  equioment 
to  obtain  analog  magnetic  tape  recordings  of  all  fluctuating  pressure  signals 
(internal  and  fat  field)  along  with  the  digital,  steady-state  aerodynamic 
signals  of  the  engine  parameters.  Online  data  analysis  capability  of  the 
internal  sensors  was  provided  with  a real-time  narrow-band  spectrum  analyzer 
connected  to  the  tape  recorder  with  single-channel  output  displayed  on  an  X-Y 
recorder  through  means  of  a selector  switch.  This  information  provided  a 
check  of  the  internal  measurements  attd  an  indication  of  sensot  signal  valid- 
ity.  Signal  monitoring  equipment  was  used  to  visually  check  each  far  field 
and  internal  sensor  during  the  tun.  The  acoustic  data  acquisition  system  for 
Kuiite  and  microphone  measurements  is  shown  Schematically  in  Eigute  3.4-3. 

The  signals  from  the  individual  systems  (Kulites  and  microphones)  were 
recorded  on  a Sahgamo  Sabre  IV,  28-channel,  FM  magnetic  tape  recorder  set  for 
operation  in  wide -band  Group  I with  a center  frequency  of  108  kHz  and  run  at 
a tape  speed  of  76.2  cm/sec  (30  ips). 


3.5  TEST  MATRIX 

The  test  points  for  the  core  noise  investigation  covered  the  sea  level 
static  operating  line  of  the  CF6-50  engine.  Data  Were  obtained  at  a total  of 
14  steady-state  conditions  which  encompassed  all  required  points  including 
idle,  approach*  and  takeoff  conditions  plus  4 repeat  points  and  2 intermediate 
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Figure  3.4-2*  Far-Field  Microphone  Array  for  CF6-50  Core  Noise  Measurements . 
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Figure  3.4-3.  Acoustic  Data  Acquisition  System 


power  settings  at  the  low  end  of  the  operating  range.  Table  3.5-1  lists  the 
tes-t  conditions. 


The  aerodynamic  performance  data  for  each  test  condition  were  provided  by 
the  two  online  DMS  (Data  Management  System)  readings  at  the  beginning  and  end 
of  each  steady-state  condition.  The  data  were  supplemented  by  cross  plots 

from  the  sea  level  static  cycle  for  this  engine  to  complete  the  performance 
information. 


3 . 6 INSTRUMENTATION 


The  instrumentation  used  on  this  test  included  internal  and  far-field 
acoustic  sensors  as  well  as  standard  engine  performance  monitor  instrumenta- 
tion for  tracking  engine  operation  during  the  test,  run*  and  safety  monitor 
instrumentation  which  ensured  Safe  operation  and  control  during  the  test  run. 
Dynamic  pressure  measurements  were  taken  simultaneously  on  the  internal  pres- 
sure transducers  and  on  the  far-field  microphones  at  all  test  points. 


3.6.1  Internal  Sensors 


The  dynamic  pressure  instrumentation  was  installed  in  available  access 
ports  at  the  three  axial  planes  in  the  combustor  region  and  at  the  core  noz- 
zle exit.  Dynamic  pressures  in  the  main  fuel  supply  were  obtained  from  re- 
dundant  Kulits  sensors  located  in  the  fuel  nozzle  region. 

1 *he  internal  sensors  consisted  of  five  Kulite  pressure  transducers  (XGE- 
15-375-200D)  installed  in  the  air-cooled  tee-block  mountings  of  waveguide  sys- 
tems  having  capped  semi-infinite  coils  and  relatively  short  [approximately 
20.32  cm  (8  in.)  to  33.02  cm  (13  in.)  long]  standoff  tubes.  The  location  of 
these  sensors  was  in  the  region  of  the  combustor  as  illustrated  in  Figure 

3.6-1.  A photograph  of  the  waveguide  sensors  installed  on  the  engine  is  shown 
m Figure  3.6-2. 

Measurements  of  internal  fluctuating  pressures  were  obtained  from  Kulite 
transducers  flush  mounted  in  the  wall  of  two  fuel  nozzles  upstream  of  the 
nozzie  fiow  divider  valve.  One  nozzle  was  a secondary-only  type  located  at 
42  and  the  other,  a primary-secondary  type  at  the  102*  circumferential  posi- 
tions (clockwise  from  top,  aft  looking  forward). 

A dual-element,  water-cooled  sound  Separation  probe  with  12.7-cfi  (5.0-in.) 
spacmg  between  Kulites  was  positioned  at  the  core  nozzle  discharge  plane  as 
shown  in  Figure  3.6-3.  The  probe  was  set  at  an  area-weighted  central  immersion 
of  the  core  nozzle  annulus  and  supported  external  to  the  engine.. 


3.6.2  Far-fi.eld  Microphoties 

i 07  The  ®l®r?Ph°n6f  used  for  this  test  were  Bruel  and  Kjaer  (B&K)  Type  4134, 
i.2/-cm  (0.5-m.)  diameter  condenser  microphones  oriented  vertically  with  the 
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Table  3.5-1.  Summary  of  CP6-50  Cote  Noise  Acoustic  Test  Conditions. 


F’-el- 


Nominal 
* Fn 

Cote 

Speed 

N2/ 

Ait 
Rat  io , 
f/a 

Condit ion 

Remarks 

3.8 

6,564 

0.0101 

Idle 

Repeat  Point 

15.0 

8,034 

0.0109 

Intermediate  Point 

22.8 

8,452 

0.0120 

26.7 

8,660 

0.0120 

Intermediate  Point 

30.8 

8,686 

0.0131 

Approach 

Repeat  Point 

36.5 

8,882 

0.0139 

45.6 

9,106 

0.0154 

Repeat  Point 

67.8 

9,668 

0.0182 

85.5 

9,964 

0.0201 

Repeat  Point 

99.8 

10,281 

0.0230 

Takeoff 
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Figure  3.6-3.  Sound-Separation  Probe  Location;  on  CF6-50  Engine 


microphone  head  pointed  toward  the  ground.  The  Micf o phone 8 were  positioned 
1.2 7 cm  (0.5  in.)  above  the  ground  plane  to  ensure  that  the  ground  nulls  Were 
sufficiently  above  the  frequencies  of  interest  for  this  test  (calculated  fre- 
quency of  the  first  null  is  77.5  kHz). 

All  Microphone  systems  utilized  either  the  B&R  2615  or  B6R  2619  cathode 
follower  and  B&K  2801  power  supply  with  the  50C  output  option  to  provide  a 
flat  response  through  the  10  kHz  region  of  interest. 


3.7  DATA  REDUCTION  AND  PROCESSING 


3.7.1  Data  Analysis  Methods 

The  methods  used  in  analysis  of  the  data  from  the  core  noise  engine  test 
included  1/ 3-octave -band  and  narrowband  Spectral  analysis  and  digital  fast 
Pourier  transform  (DPT)  techniques  of  cross-correlation,  coherence,  and  trans- 
fer function  (amplitude  and  phase)  analysis. 


One-Third-Octave-Band  Spectral  Analysis 

The  1/3-octave-band  spectra  were  processed  frcmi  the  recorded  data  by 
standard  techniques  and  by  DPT  procedures.  Those  processed  by  standard  tech- 
niques included  the  internal  data  processed  over  a range  of  1/3-octave  bands 
from  50  to  5,000  Hz  while  the  far-field  data  were,  processed  from  50  to  10,000 
Hz.  Internal  spectra  were  obtained  from  measured  data  which  were  corrected 
for  probe  ambient  frequency  response.  The  far-field  data  were  corrected  to 
Standard  Day,  288.1  K (59°  F)  70%  R.H.,  and  free-field  conditions. 

The  1/3-octave-band  spectra  determined  for  all  test  conditions  were  used 
for  evaluating  the  combustor  internal  measurement  trends  and  for  comparisons 
with  the  component  combustor  data  in  ECCP  Phase  II  (Reference  1)  and  the  en- 
gine data  from  ECCP  Phase  III  (Reference  2).  the  overall  fluctuating  pressure 
level  (OAFPL)  obtained  from  the  1/3-0BPPL  spectra  were  used  to  determine  the 
measured  power  level  (PWl^ggg)  assuming  the  total  pressure  Signal  was  acous- 
tic. The  far-field  arc  1/3-octave-band  Spectra  were  used  to  evaluate  raw  sig- 
nal content.  The  overall  levels  were  used  to.  obtain  directivity  and  sound 
power  levels  With  engine  tones  removed.  Coherent  1/3-octave-band  spectra  were 
obtained  between  selected  pairs  of  SenSorS  using  time-series  analyses  and  DPT 
procedures. 


Digital  Fast  Fourier  Transform  Techniques 

The  digital  fast  Fourier  transform  techniques  used  for  the  data  analysis 
included  both  frequency  and  time-domain  techniques.  Detailed  explanations  of 
these  various  Methods,  briefly  described  below,  are  found  in  Reference  3.  The 
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techniques  in  the  frequency  domain  include  auto  Spectrum,  cross  Spectrum,  co- 
herence function,  coherent  output  spectrum*  and  transfer  function  gain  and 
phase. 

Time-series  analysis  views  continuous  data  records  in  finite  increments 
or  samples.  The  samples  acquired  at  Sequential  times  over  the  record  length 
are  stored  in  blocks  for  subsequent  conversion  by  finite  Fourier  transform 
from  the  time  domain  to  the  frequency  domain.  The  data  stored  in  these  blocks 
ate  truncated  segments  of  the  continuous  data  record.  The  spectral  bandwidth, 
^defined  as  the  ratio  of  the  sampling  rate  (SR)  to  the  transform  block 
size  (N),  The  signal  waveforms  are  expressed  as  functions  of  time  with  x(t) 
as  the  input  signal  and  y(t)  as  the  output  signal.  For  these  Signals  the 
auto  spectra  are  defined  by  6 


Input:  Gx*  (f)  * Fx(t)  . F*x(t) 


(1) 


Output:  Gyy  (f)  * Fy(t)  • F*y(t) 

where  F is  the  Fourier  transform  operation,  and  F*  is 
of  the  Fourier  transform. 


(2) 

the  complex  conjugate 


The  narrowband  analysis  of  the.  engine  data  was  processed  through  a digi- 
Cr*nsform  analyzer  using  a block  size  of  4096  and  a sampling  rate 
of  8192  samples/sec  to  obtain  2-HZ  bandwidth  Spectra  over  a range  of  frequen- 
cies from  0 to  2000  Rz*  The  number  of  block  averages  employed  was  20  which 
results  in  a total  sample  record  length  of  10  secohds  being  used  in  the  anal- 
ysis of  the  data.  The  narrowband  spectra  obtained  through  this  analysis  were 
computed  for  9 internal  sensors  and  15  far-field  microphones  for  8 conditions, 
over  the  operating  range.  The  results  from  this  analysis  are  presented  in  - 
Reference  4.  The  internal  spectra  were  used  to  assist  in  evaluating  trends 
from  the  internal  Kulite  measurements.  Fluctuating  pressure  level  (FFL)  was 
used  instead  of  sound  pressure  level  (SPL)  for  these  Sensors  since  the  pres- 
sure signal  contains  turbulence  in  addition  to  sound.  The  far-field  data 
used  sound  pressure  level  (SPL)  since  the  signals  that  reach  the  microphone 
locations  in  the  far  field  are  principally  acoustic. 


The  cross  spectrum,  Gxy(f),  is  obtained  from  the  product  of  the  Fourier 
transform  of  the  input  signal  record  Fx(t),  times  the  complex  conjugate  of  the 
Four let  transform  of  the  output  signal,  F*y(t),  and  is  expressed  as 


Gjjy(f  ) 


Fx(t)  F*y(t) 


(3) 


The  square  of  the  magnitude  of  this  cross  spectrum  divided  by  the  auto 
spectra  of  the  input  and  output  signals  defines  the  ordinary  coherence  func- 
tion which  is  expressed  as 


y2  k I Gxy  I2  (4 

*»XX  • Gyy 

The  coherence  function  expresses  the  degree  of  similarity  between  the  input 
and  output  signals  in  the  frequency  domain. 
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nil..  5he-!0h?fe?t  °Vtput  spectrum  is  a means  of  expressing  Che  amount  of  the 

SSJutt1S*ih?J5eiieC“1,,aiff0?  ^he.input  Signai . It  is  defined  Ss  the  auto 
pte^sed  asf  H P S1SnSl  multlpll#d  by  the  coherence  function  and  is  ex- 


(CO)Gyy  = y2G 


-yy 


(5) 


U*et  in  tl^e  analysis  of  the  data  is  the  transfer  function* 

sin^  Jhe  f!i-fie?d  fi6  !?t10  °f  fhe  output-to*inPut  autospectta.  However, 
tiS  wii %f  I f l?  aig"als  contsin  many  source  contributions,  the  most  effec- 
t determine  the  transfer  function  from  internal  to  fsr  field  was  to 
use  the  cross  spectrum  in  place  of  the  output  autospectrum. 


H2  * 


'xx 


(6) 


^il/ieldS  a ^mplex  quantity  which  can  be  used  to  determine  the  gain  and 
phase  between  the  output  and  input  as  a function  of  frequency.  § 

The. time  delays  between  two  signals  separated  by  a large  distance  (i  e 
*"  fi'ld)  fd  * — »l«  internal  ' 

from  the  data  to.  properly  align  the  data  records  in  order  to  minimize  bias 
errors  m the  results.  The  technique  used  to  identify  these  time  delays  was 
cross-correlation  analysis.  Cross-correlation  analysis  is  a measure  of  t£e 

domaiJ  f0’^016"46133^  fhaTacteristics  of  signal  transmission  in  the  time 

del atin/1  ^C!°!a*C°re U510n’  Che  lnpUt  signal  ^ compared  with  the  time- 

delayed  output  signal  to  determine  the  amount  of  similarity  between  the  two 
signals.  The  cross-correlation  function  is  expressed  as 


* . . Lift 

Rxy  I m 


if, 


x(t)y(t+t)dt 


(7) 


The  normalized  correlation  coefficient 


is  expressed  as 


pxy<T> 


Rxx 


(T) 

^o)  Ryy  (0) 


(8) 


tioneofXthp)inft^Ryyi0)  are  th?  ^ cto-t ime-del ay  values  of  the  autocorrela- 
t ion  of  the  input  and  output  signal,  respectively. 

With  large  spacings  between  sensors  (distances  much  greater  than  the 
quarter  wavelengths  of  the  frequencies  of  interest),  only  the  acoustL  ^gnal 

of  time  delavlth6?  aitd  peaks.WiU  occur  ih  the  cross-cortelograft  at  Value! 
tL  )T  f 1 y Ah  c corre8pond  t0  th*  distance  between  the  sensors  divided  by 
the  local  speed  of  sound.  This  is  typical  of  cross-correlations  between  th! 
internal  sensors  and  the  far-field  microphones.  th 
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veCt0^^^^Cf,i0n  of  *°“fce  iocatiotts  can  be  determined  through  the 

tion  Of  fh!f  !!  de-ays  ?bCained  fro«  cross -corf elation  analysis.  The  difec- 
of  the  propagating  signal  can  be  related  to  the  sien  of 

regions  Se'ene  tiite  d*}***  betwe*n  *everal  Paira  °f  sensors  identifies 
apparen^locat  ion  o^ne  s^rS”  t'’Ugh  “hlC'’  “»  “ ‘»e 


iSsHMe'  tf”thd2Uy  s°“  <chSngergigS)^rninLinsIroIO"For 

f^Sl  C5aVel  tltoes  t0  each  sensor  are  identical.  If  the  source  is  lo- 

ssai 


3,7,2  1**6  Series  Analysis  Parameter  Optimisation 
{£l*V d ‘h * «?“!“•  I»e  approach  condition^  SO-sT^  .H  “! 

SlH5w 

representative  of  a condition  influenced  by  core  noise. 

the ir^inf luence  on  lit  an^lyst^resuuT'"8  *"*  t0  d6t4rtti“ 


The 

3. 7. 2.1  Time  Series  Parameter  study 
parameters  investigated  for  the  study  included  the 

following: 

1. 

Sample  Rate,  SR  (samplee/sec) 

2. 

transform  block  Size,  N (samples) 

3. 

Sample  Averages,  M 

4. 

Sample  Interval,  at  (Sec/sample) 

Where  At  « 1/SR 

(9) 

5. 

Sample  Length,  t (Sec) 

where  t - NAt  - n/sr 

(10) 

6. 

Record  Length,  T (sec) 

7. 

where  T * Mt 

Resolution  Bandwidth,  B*  (Hz) 

(11) 

where  Be  « 1/t  « SR/tf 

(12), (13) 
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8.  Resolution  Frequency,  f (Hi) 

where  f - SR/2  (Nyquist  or  Folding  frequency) 

9.  Rendon  Error,  e for  autos pec fera 

where  e * 1//B  T 
e 


(14) 

(15) 


or  substituting  equations  (9)  through  (14)  into  (15)  yields 

c - i/^i  . (16) 

which  says  that  the  amount  of  random  error  in  a spectral  calculation  varies 
inversely  with  the  square  root  of  the  number  of  sample  averages. 

These  parameters  represent  the  control  available  to  the  operator  when 
performing  time-series  analysis  on  the  digital  fast  Fourier  transform  analy- 
ser. 7 


The  time  series  parameters  were  used  to  establish  operating  regions  for 
employing  the  time  series  analysis  formulas  noted  in  Table  3.7-1. 

The  parametric  study  evaluated  several  effects  on  the  analysis  result. 
Among  these  were : 

1.  The  effect,  of  data  bandwidth  on  cross-correlation  (keeping  sampling 
rate  and  block  size  constant  but  varying  the  analysis  window). 

2.  The  effect  of  sampling  rate  on  cross-correlation  coherence,  and 
transfer  function  phase  angle  for  internal  sensors  and  internal  to 
far-field  pairs. 

3.  The  effect  of  averaging  on  cross-correlation,  coherence  , and  trans- 
fer function  phase  angle  for  internal  sensors  ahd  internal  to  far- 
field  pairs. 


The  effect  of  varying  the  frequency  bands  of  the  data  to  be  analyzed  was 
found  to  be  significant  for  internal/external  results.  Some  typical  examples 
of  this  effect  are  shown  in  figure  3.7-1.  Data  bandwidths  of  0-1000,  100-1000, 
and  500-1000  Hz  were  used  in  cfoSs-correldtions  of  an  internal  pair  of  sensors 
and  the  core  probe  to  a far-field  microphone.  Too  broad  a range  of  frequen- 
cies results  in  broad  time-delay  peaks  that  obscure  the  real  peaks  in  inter- 
nal/extetnal  data.  Narrowing  the  window  by  cutting  off  the  low  frequency  be- 
low 100  Hz  while  maintaining  an  Upper  limit  of-1000  Hz  enhances  the  time-delay 
peaks  in  both  sets  of  data.  Further  reduction  of  the  low-frequency  end  below 
500  Hz  minimizes  one  of  the  peaks  in  the  internal  correlations  and  washes  out 
the  resolution  in  the  far-field  data,  indicating  removal  of  the  correlated 
Signal.  The  best  overall  cross-correlation  results  were  obtained  with  a Window 
of  100  to  1000  Hz  for  both  internal  pairs  of  internal  to  external  sensors. 


Table  3.7-1 


Time-Series  Analysis 
Transform  (DFT). 


Formulas  Using  Discrete  Finite  Fourier 


Autospectrum 
Autocorrelation 
Cross-Spectrum 
Cross-Correlation 
Normalized  Cross-Cor 
Coherence  Function 
Coherent  Spectrum 
Transfer  Spectrum 


Gxx(f)  - DFT  x(t)  * DFT*x(t) ; Gyy(f)  - DFT  y(t) 
RxX(t)  + DFT-1  Gxx(f);  Ryy ( T ) - DFT”1  Gyy(f) 
Gxy(f)  * DFT  x ( t ) . DFT*  y(t) 

RxyCT)  = DFT”1  Gxy(f) 

P*y(x)  " Rxy(T)/RXx(°)/Ryy(0) 

Y2(f)  - Gxy(f)  2/Gxx(f)/Gyy(f) 

Y2Cyy(f)  = Gxy(f)  2/Gxx(f) 

H(f)  - Gxy(f)/Gxx(f) 


DFT*y(t) 
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mined  at  a data  bandwidth  of  100-500  Hz Cross  c l 8tUdy  WaS  deter~ 

sensor  pairs  were  checked  at  51  200  2S  fcnn  I 1008  fr°ra  internal 

nal  data  were  checked  at  6 AOoS  2002fnd°? VnS*1  12p800.sPs>  while  the  exter- 
results.  The  higher  the  **  ? t 1,600  sps’  Fi*u~  3.7-2  shows  the 

in  the  data,  often  result in^in  8 th*  greater  the  number  of  peaks  appear 

pe?k..  Th.-ni^:„^:e:^un8r(;"e88p“r2r6opo;32  ar*  r c;ari<y  the 

nal  results  proved  to  be  best  for  the  analysis.'000  P f°r  he  ‘"'arnal/exter- 

aff«ct  •Jrzzss*  ti:hs™peuSei:ret,uncEion  in  »•»-*  ». 

nal  and  eliminate  much  of  the  "hash"  on  the^pect^6  re80luti<>n  °f  eh*  **- 
are  in  "•>«•  3.7-4 

in  Figure %"rL0fThi:"u»be”iofhIv:rUfer  °f  8Veta8“  « «*•»»«  i.  shown 

theft  to  200.  Doubling  the  number  nJ  W3S  lncreased  fro“  50  to  100,  and 
noise  by  3 dB.  The  internal  «««  averages  reduces  the  random  background 

difference  in  level  going  from  5 0°to  °f  2560  sps  show  a small 

ing  the  number  of  averages  to  200  °Thi  fv®Ta8es-»  but  RO  change  for  increas- 
achieved  with  the  100  averages  lndlc*tes  “>*  cnharence  function  is 

with  increasing^umbe^of ^averages 'et^a0"  8T  8UC“88iVe  ™ductio„. 
cates  that  the  internll  to  far-fuid  ...  ^‘>U  of  5120  8PS-  ”>*•  indi- 
averaging. r £leld  r'sults  ™«W  benefit  from  increased 

indicates  similar 0Lfect8ra”8JhTOnhin%igure  “jd^"Uh  nu"lber  of  averages 


Observations  on  Parametric  Study  Results 


ments  from^his^ t ime^erie^pararoete  ‘’’"“f  'h?  data  £r0”  the  CF6-50  measure- 
following:  Parameter  eveluatton  were  made.  They  include  the 


1. 

2. 

3. 

4. 


t":™i“^:„b^“"t.Pr°::llr  C°rreUted  ai8nala  - "*»  aen.i- 
dDite™r„e8HbeedeU;.‘:C°rreU£i°n  Pe8k‘  8,8  ra1“irad  «•  Precisely 

different 1frequency,,bands?  differ8nt  Pr°Pa8atl°”  »«*•  dala7‘  for 

UndTJre'^t'n^  “ *“  »ha"  *"«««* 
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5.  Internal-to-external  cross-correlations  afe  best  when  frequency 
bands  are  restricted  to  1OO-500  Hz. 

6.  High  correlation  occurs  between  tailpipe  to  fat-field  and  combustor- 
to-combustof . 

7.  Coherence  results  indicate  0-1000-Hz  energy  in  the  combustor  but 
only  50-500  Hz  propagates  to  the  far  field. 

These  observations  were  used  in  the  Selection  of  parameter  combinations 
which  appeared  eo  optimize  the  results  of  the  study.  A summary  of  these  param- 
eters for  the  cross-correlation  analysis  was  found  in  Table  3.7*-2.  Two  sets 
of  parameters  are  listed,  one  for  internal  senSor  pairs  and  another  for  inter- 
nal to  far-field  sensor  combinations.  This  is  to  be  expected  due  to  the  rela- 
tive magnitudes  of  the  time  delays  involved.  A similar  set  of  optimized  param- 
eters  for  the  coherence,  coherent  Spectra,  and  transfer  function  analysis  is 
listed  m Table  3.7-3.  These  optimized  time-series  analysis  parameters  were 
used  in  the  analysis  of  the  core  noise  data. 


3*7.2  2 Use  of  Digital  Processing  Techniques 

The  digital  FFT  processing  techniques  used  in  the  analysis  of  the  inter- 
nal  and  far-field  data  obtained  in  the  core  noise  investigat ion  program  in- 
cluded those  in  the  time  domain  (i.e.,  cross-correlation)  as  well  as  the  fre- 
quency domain  (i.e.,  cross-spectrum  phase). 

Time  delays  associated  with  acoustic  wave  propagation  speeds  were  removed 
from  the  internal  and  far-field  data.  The  removal  of  the  time  delay  between 
the  signal  pairs  was  necessary  to  account  for  the  requirements  of  the  digital 
analysis.  The  effects  of  time  delay  removal  on  the  analysis  results  vary 
depending  on  the  type  of  analysis  used  and  the  magnitude  of.  the  time  delay. 

For  example,  the  idealized  phase  plot  in  Fieure  3.7-7  shows  the  effect  of  not 
removing  a positive  time  delay  in  the  analysis  to  result  in  a sawtoothed  curve 
Starting  at  zero  with  a positive  slope  to  180*,  then  shifting  to  -180®  and  con- 
tinuing With  the  same  positive  slope  to  +180®  over  the  rest  of  the  frequency 

range.  The  frequency  at  which  the  180*  phase  Shift  occurs  can  be  related  to 
this  time  delay  by 

^180*  * 2V*  where  t is  the  time  delay  U7) 


Several  time-delay  peaks  are  also  possible.  Some  of  these  may  be  in  the 
negative  direction  as  illustrated  in  Figure  3.7-8(a).  Removal  of  each  time 
delay  from  the  cross-spectrum  phase  results  in  certain  groups  of  frequencies 

a*  irtficat®d  by  the  horizontal  portion  of  the  spectrum  in  figure 
3 . 7-8lb J . The  negative-sloped  region  of  the  spectrum  in  the  lower  frequencies 
indicates  that  this  region  is  out  of  phase  for  the  time  delay  th  and  that 
still  a greater  negative  delay  time  is  required,  to  bring  this  region  into  phase. 
Removal  of  this-Second  time-delay  peak,  t2 * in  Figure  3.7-8(c),  places  the 


31 


table  3 .7-2. 


tiae  Series  Computation  Procedure*  for  Cross-Correlation 
Using  Titoe/Data  Analyser  with  POP  11/35. 


Normalised  Cross*Correlation 


Internal-Internal  Slack  Size  - $12  ♦ $12  Zeros 

Sample  Rate  * 25,600  sps 
Sample  Interval  * 3$  ysec 
Maximum  Delay  * + 0.01  sec 


Internal-External  Block  Size  * S12  ♦ $12  Zeros 

Sample  Rate  * 3,200  sps 
Sample  interval  • 313  ysec 
Maximum  Delay  * 0.16  sec 


I 


l 


table  3. 


time  Series  Computation  Procedures  for  Coherence, 
Coherent  Spectra*  and  transfer  function  Using 
time/Data  Analyzer  with  POP  11/35. 


Internal-Internal 


Slock  Size 
Sample  Rate 
Resolution 
Maximum  Data 
Record  Length 

Internal-External 

Block  Size 
Sample  Rate 
Resolution 
Maximum  Data 
Record  Length 


2,048  Samples 
12,800  s/sec 
6.25  Hz 

1.000  Hz 

8.0  sec 


2,048  Samples 
5,120  s/sec 
2.5  HZ 
2,000  Hz 
0.40  Sec 
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id  «5»  JSSJSirSSLi*  SJK. SL”f  '^,hiSher  Thu  region 

,uired  for  thi.Jel!rae.T^nu5e  ,r  k«eCr.‘^r.lttt^  deU*  “ 

.«  grouggof  frequencies  ere  C?^UiS*  «faSS,S-"£US.B,“ 

removec^is^that  Jh^LT^SgiSStotaS?-''?  **,  °nl)’  * ““  **V 

delay  difference  i.  quite  SmellP  and  rhl  *"  error  .trice  the  amount  of  the  time 

id  also  email.  Reference  ^iLTr.lLJSlSl!*^1??4  'Uh  *M*  «**•*«•■ 
bine  error,  on  coherence  due  to  tiM  deUye  S <«««»«*  the  effect  of 


;w 


where 


(■  ■ ■)’ 


(18) 


- estimated  (measured)  value  of  the  coherence 
function  between  two  Sensors 

* True  value  of  the  coherence  function 

• Time  delay  between  two  signal* 

■ Sample  length  (Equation  10) 


The  error  estimate  is 


2 

Y2 


(■  -?) 


where  t * .16  sec 


"o?ooo625  TJStf?1.  iTohfo  ::r  sir  *s  f~nd  *»  «•«  *.«  .*  rt . 

are  0.99220  and  0.96899  of  thflf,  ! thf  resP®c^lv6  estimates  on  coherence 

delay,  and  neglecting  the  multiple  timrdelaysUinftthrJoheieflPfifdry  *itte 
not  seriously  influence  the  quality  of  the  result  fuftctlo°.  does 

transfer  function  amplitude  (gain).  ” U*  this  is  also  true  for  the 

8a i h * | ^°a nd* transfe^functi on C ph ase ^ng le C a ^ i n ZP**'-  - 
a block  size  Of  2048,  in  a samole^ t *nkd*&reeA  wete  coaputdd  with 

seconds  with  100  avenges?  Ihe  data  ^ °f  VI  H*  bVe*  a r6c0rd  tiffle  of  *0 
frequencies  from  50  to  1600  Hz  The  hiah^refl1*6*1  °n  * i?8  ffe<*u®rtcy  scale  at 
log  .cal.  highiighf. 

low  coherdnce  level.  with  the  ^bat^raSe^^"^"  h*'5’ 

values  of  less  than  0 i r iSSSld  ‘ ^ fdnction 
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& a:  !**=•»«•  •«««  -«. ««. 

clearer  definition  of  any  additi^al  wl? #“L!**,Wd  which  dllows  ft*  a 
(dffinlitude)  are  denoted  |h*|2  U "a*  1 !!  The  far-field  transfer  functions 
I H | which  include  all  losses*  **, the  ^rtCert»al  transfer  functions 
the  far-field  is  obtained  tta8nitude  the  transfer  function  to 


|H*| 


|H|2  - 


R2 


(19) 


distance.  h6  dlsCance  to  the  far^field  microphone  and  R is  the  reference 

3'7*2'3  ££ror  Evaluation  of  Time  Series  Estimates 

aasociaten^rjaSh^w  Wd  valJe^  dThe  Sand,  T itlh*terlt  ******  oi  error 
in  this  report  are  based  on  results  formuiaf!?^*  ®"ot  calculations  used 

• Coherent  output  spectrum  estimates 
CIS)  = (2  , 

• coherence  function  estimates 

a(Y2)  * /7  a.-  y2)/|y(./"*Ti 

• Transfer  gain  factor  estimates 

* Il»l2l  * 2(1  . Y2)l/2,|Y|/-gr 

• Transfer  phase  factor  estimates 

* ellttj] 

a,*  £“of  *•  «— 

2r*i£.r* 

These  confidence— limit  relatinnoinV.  ^ . 

averages  in  Figures  3.7-9  through  3 7-n  £*  foUfd  ln  graphical  form  for  100 

function  ..tilt.,  for  thc  dlt^.^  r^'n  of  the  Terence 

and  minimum  confidence  limits  on  these  graphs^  Whl°h  conVert  to  "wximum 
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Normalized  Random  Error  in 
Coherent  Output  Spectra  Estimate 


Figure  3.7-9.  Coherent  Spectra  Error  Estimates 


Normalized  Random  Error  i 
Coherence  Function  Estimates, 


Normalized  Random  Er 
Transfer  Function  Gain  and  Phase  Factor 


3.7.3  Sigflal  Polarity  Identification 

P.ut?er?oli:““o(iethl«:r”S7u^’ ‘°jr:u‘f?  r/ieic‘UM  °f  ^ 

neoualy,  in  order  to  perform  Che  phase  an!?  ??r-field  microphones  simulta- 
sensors  as  detailed  br^hTco^rac^  fn?.  ' ‘*«m1  £°  f.r-field 

by  a combination  of  an  impel se  signal  input Verlf ‘cation  uas  provided 
dfid  Chrough  cross-correlat ions  hoftfoo«  P...  ^ sensors  simultaneously 

polarities.  delations  between  sensors  of  known-co-unknown  signal 

nal  polarities ^was ^ade ^s imu 1 t aneou s 1 * Chec?  of  the  microphone  and  Rulite  sig- 
tion  had  been  set  u^  l^e  Loustio  iLt^U  Sfen8°rf  a£tet  a11  instruments-8 
and  16  far-field  miLophones  fb last  1011  lncluded  9 internal  Rulites 

region  of  the  core  exhaust  toward  the  center ^f^h!08?  *h°58un  firdd  itt  the 
an  impulse  signal  which  was  reem-H^  „ 6f  the  “Aerophone  array  provided 

tion  of  the  Ptessure  puls^orthe  sienal^L  f6  teCOrdet  channels/  the  direc- 
of  each  system.  81gnal  waVefotm  ***  to  indicate  the  polarity 

varying^egrees^of hclarity8on8theaf ar-f ield"118 ' dur*£8  data  reduction  showed 

were  evident  on  the  90#  aL  mic^fh^^^-0?11006  array*  Clear  Pulsea 

shown  in  Figure  3.7-12.  The  amplit^defof  thfimSul!!6  of  PpP0®i£e  si8n  as 
phones  were  less  prominent  butalsn  l”?  pUl?e  on  the  other  micro- 

pulse  signals  on  thelnteria  1 kuUtL  ££  f?  P!^arity  diff*rences.  The  im- 
sensor  and  on  the  sound-separation  ptobe.  L°the  dlSCern;ble  °?  the  Plane  4.0 
Cohcluaive  evidence  of  en  imnuleTon  ch^  oth^  efust  (Plane  8-°>- 

tor  and  in  the  fuel  nozzles  »as  insuff ioi.lf  tatT,al  se"*ors  in  the  cofflbue- 
cations  inside  the  eneine  !nd  L th^  f ^ ’ ■ P'1”tll)'  due  t0  the  »«>sot  lo- 

Kulite  systems  (events  £ h^p™ 

negative  (-)  fnd  that^f  ^he^oo’^^^  h*  the.9?°  microphone  to  be 

Figure  3.7-12.  The  polarises  of  the  KuUtL  ? ba  positive  <+>  **  ^own  in 
indicated  from  the  shotgun  blast  to  be  of  n the  core  probe  are  similarly 
ure  3.7-13.  Probe  eletX?  A dLPUyf a * °gE! iadJcatad  i»  Fig-" 
ment  B suggests  a negative  (-)  pulse.  ^ pulSe  while  probe  ele- 

correlation  analysis  between^ach^of ^h01^1^16^  acCoaPlished  using  cross- 
microphones. Since  cr oss-corxe la t ions^be tween  ^ ^ 90#  and  l^# 

(either  positive  or  negative)  will  eive^  hn^-gnala,°f  tha  saffla  P°Urity 
tion  Coefficient,  *^8i  -P  tlve  ^Plttude  to  the  correla- 

the  cross-correlation* procedure^ ^Will^iel^a  p6la^tl®8  Processed  through 

Therefore,  a negative.  Rky  amplitude  should  occurfort^r^Uti0ft  coffficient- 
between  core  probe  A (+)  to  the  on#  rt,-„  . 5 for  tbe  cf°88“correUtion 

tion  between  core  Jtrobe  B (-)  and  th»  qo**P  •>n6  tbe  cross-correla- 

ure  3.7-14  shows  test  results  !t  thj  2 .8h°Uld  b6  p0sitive*  Fig- 

the  anticipated  cross-correlation  results  '*  the  90*”^  Sefc5ln8  artti  verifies 

un  results  the  90  microphone,  with  the  core 
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Fan  Ex  it 


Figure  3.7-12.  Polarity  Check  of  Far-Field  Microphones  Using  Shotgun  Blast 


13 


Figure  3.7-13.  Polarity  Check  of  Core  Probe  Kulites  Using  Shotgun  Blast. 


probe  Kulites.  Similar  Verification  is  apparent  in  Haute  3 7-15  th* 

core  probe  A with-each  microphone,  as  illustrated  in  Figure  3.7-16* 

«?lX  °ut.  of  15  microphones  had  negative  (-)  polarity*  the  sefun  of  rh* 
4134)- kathode  follower ^Type^e^or’ 261 9?  aS^  ^ ? *ict°ph°n&  he*d 

Si TJr^^ssssssr 

°nly  Clear  inlf>uls6  6i«nal  obtained  from  the  shotgun  blast  with  the 

iS* \™  "asriL«%pJT, 4;? senSM  <92'  f™  *4.  .iSSui 

aenaor  and  indicate.  a^iu£  *22  S2‘o2*e2X*1  ""f'T  fot  Ehis 

22rm“irjj**£22  !it  ae  «.« co^««  f“4^“iMcp), 

catad  in  iiifiZT  SI  ffi^rs^vjssnis  Zln£5Z  VT 
iTlSi,2uM,l2lJ2.R  aWdlyIhnS  * knotfn  pre““"  «»  2‘dJalca  aiS, 

“ KssSiSiSSSSS11™ 

=gsS«^aS-,»3s^na£r 

results  were  in  complete  agreement  with  the  ECCP  Phase  ill  results  of  Pint 

i£L  ss  ;rs  :r  - r- 

Which  turned  out  td  be  Of  Dositivl  amn??^?  identify  the  correlation  peaks 
positive  polarity  Zsots  '*  ““  ^ Cbnfi™ed  the 

correUtionlabitLff  tl*  f“}}  ”oz±le  86naotd  was  determined  from  cross- 
correlations between  the  individual  fuel  nozzles  ana  ^aj-  „ “ . _ “ 

guide  sensors  at  4?.*  and  102*  Results  *u-  a”d  th*ir  af80ciated  wave- 
positive oolaritv  for  hoth  # ‘i  Re8uJts  froa  thla  procedure  indicated  a 
tu  i ®nty  for  both  fuel  nozzle  sensors  as  shown  in  Fieure  3 7-?n 

The  pol.nty  a«ni.ty  for  the  complete  array  of  aenaor.  uaed JS  the‘cf6-50 
core  noise  measurements  is  listed  in  Table  3.7-4.  CF6  50 


1. 


Significance  of  Findings 

“.£?•*  ?“'*«•  «•  **  >»  performed,  the  determination  of 
polarity  ..  critical.  A„  impul.e  aignal  ouch  a.  a blaat  fr2  a 
ehotgun,  or  horn,  etc.,  recorded  aimultaneoualy  on  all  channel. 
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Probe  Ml 


Figure  3.7-16.  Far-Field  Microphone  Polarity  Verification  from  Core  Probe  Cross-Correlations 


t CF6  - 50  Care  Noise  Program 
• Impulse  Signal  Waveform*  Plane  4.0,  (92°) 


Figure  3.7-17.  Polarity  Check  of  Internal  Sensors  Using  Shotgun  Blast. 


t MASS  - W736 
• 30%  Fit 


Figure  3.7-18.  ECCP  Phase  III  Cross-Correlation  Results  from  Internal 
Combustor  Sensors. 


• NAS? -21260 


Waveguide  Sensors 


table  3.7-4. 


2icr°t,h0l»e  Kulite  Signal 
Cofe  Noise  Measurements. 


Polarities  for 


Sensor 


Microphone  lo# 
30* 
40* 
50* 
60* 
70* 
80® 
90® 
100® 
110* 
120* 
130® 
140® 
150® 
160* 


Verified 
Sighal  Polarity 

+ 


+ 

+ 

+ 

♦ 

+ 

♦ 

♦ 


Kulite  Plane  3.0  (16*) 
Plane  3.5  (42*) 
3.5  (102®) 

3.5  (282°) 
Plane  4.0  (92®) 
Plane  8.0A.(270*) 
8. 0B.  (270*) 
Fuel  Nozzle  (42*) 
Fuel  Nozzle  (102*) 
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provides  a quick  setup  and  time-savins  <*ff n+t>  a 

SliiJly*^id4liSII-JIIi2SkS  the  8ifal  PoUfity  durin8  *°okup 
ducer  (gives  negative  dfsplacemeSt 

checked?"6  8y8Cema  ar*  n0t  alwayS  of  the  saine  polarity  and  must  be 

3.7,4  Date  Processing 

3,?-4,1  frequency  Response  Correction, 

corre^L""^^*^  durin8  the  t68t  run 

tion  procedure,  the  acousti? ItveTill  ISttL \V * '**1  °f  tHe  data  reduc‘ 
went  ambient  frequency  response  clibrLS  Hf*  ?0mbuator  re«ion  ™der- 

tus  and  procedure  as  LscriSd  in  Re1«^  2 The  t ^ tube  apP*a- 
btat ions  were  required  for  these  system*  ?'  frequency  response  cali- 
from  the  length  of  the  standoff  tube  on  each  sens"  °t  pfobe  *°88es  resulting 
sponse  calibration  results  are  shown  in  Fieure  3 7^1  IypiCal  ffequ®«cy  re- 
sors.  Tabulation  of  the  corrections  for  ea?h  mI”2J  f°r.  the  wave8uide  sen- 
found  in  Table  3.7-5.  1/3-octave-band  frequency  is 

The  flush-mounted  Kulites  loc*f-»ri 

zles  did  not  require  calibration ttrtt  I * core  exhaust  probe  and  fuel  noz- 
probe  showed  a flat  frlq^  Teslontt  fot  the  acoustU 

terest.  The  fuel  nozzle  Kulite  system  fra«P  C°  10  kHZ  °Ver  the  ran8®  of  in- 
ment  is  tyically  flat  up  to  1000  Hz.  frequency  r«8Ponse  for  liquid  measure- 

response  which  wTs  recorded"as *par  t°^f  ^the  far-fi^ld  for  pink“noi8®  fluency 
These  corrections  were  applied  l the 

3^*3 4 * * **2  Power  Level  Calculation 

The  measured  Dower  levoi  paur 

plane  assuming  the  entire  fluctuatintfant«afS«.CalCUlated  at  each  m®88urement 

nal  ptopagat ing  a,  a plan.  ««  ““  aig- 

was  calculated  using  Biokhintsev's  resultl  (a!  noted^Tf  ***  po*er  level 

acoustic  intensity  flux  vector  which  c.„  Se  “ittehf  7)>  £°r 


I * 


pc 


T (c  f V #p)  (c  ep  ♦ V) 


(20) 


veloPci?ydand"p  th^uJit flow 


Plane  Wave  Tube  Calibration,  Flush  Mounted  Reference  Kulites 


a)  Plane  3.0  (lb0)  Sensor  S/N  4208-3-10 


I 1 

b > Plane  3.5  (4?.°)  Sensor  s/N  4208-3-b 


I 1 

Plane  3.5  (102°)  Sensor  S/N  4208-3-19 


d)  Plane  3.5  (282°)  Sensor  s/N  4150-9-5 


e)  Planfe  4.0  (92°)  Senpor  s/N  304 


Frequency,  Hz 


Figure  3.7-21.  Ambient  Frequency  Response  Results  from  Combustor 
Waveguide  Sensors. 


We  are  interested  primarily  in  the  axial  component,  hence 


p3  -*  ^ 

— 3 (c  + V e ) (c  e + V) 
Pc3  P P 


(21) 


p2 

~ (1  + M cos  6)  (cos  6 + M cos  <p) 

V!r  th6.ahgl3S  made  the  ac°ustic  wave  front  and  the  flow 
with  the  axial  direction.  M is.  the  flow  Mach  number,  the  flow  at  the  mea- 

unng  p anes  is  near  axial  and  if  a plane  wave  assumption  is  used  here. 


<i  * «>2 


(22) 


u«t  the  *cousti' 


ra.  - SPL  • 20  log  <!.«,.  ,0  tog  (ife)  . 10  log  A . 9.9  (23) 

or 

PWL  - SPL  4 20  log  (1  + M)  + 10  log  ^/g).  10  log  A . (24) 

where  SPL  = sound  pressure  level  re  2 x 10”^  N/m2 

Ps»  TS  " static  pressure  and  temperature  at  the  measuring  station 
?o»  To  B ambient  (standard  day)  pressure  and  temperature 
A » cross-sect ional  area  in  m2 


3<7.4.3  Engine  Measurements  Verification 

Tbe  da*a  ac<*uired  during  the  cbre  noise  measurements  on  the  CF6-50  enelne 

were  checked  to  ensure  the  validity  of  the  measurements  . t£  far-field 

arsimilar1testlsrtPh0n3J  *era  c?IflPared  t0  Previous  test  results  obtained  from 
similar  test  setup  and  found  in  shape  and  level  to  agree  within  ± 2HR  n* 

iine  10-Hz  narrowband  spectra  from  the  internal  measurements  on  the  CF6-50  In- 

gine  with  the  standard  combustor  were  compared  to  similar  soectra  obtained  f 

z iZiizz  lritir°u  vrevrs  tLe  »“» 

levels  were  of  the  same  order  of  magnitude  for  both  tests. 


n*he  C°rf  P^be  overa^  PPWL  (re  10*13  watts)  Wfl8  cov%>ared  tQ  h • 

Ivll'  tr!  t0  evalua£e  th«  r^ion  «*  potential  c«e  noise  dominance 

over  the  engine  operating  line.  The  far-field  results,  are  from  standard  dav 

ft)  arc6'  B6fh  COffec£ed  data  obtained  from  measurements  around  a 45.72  m (150 

2000  HZ  FBi  ^!e  %°  ,da;f  afe  for  tb*  lOto- frequency  region  between  50  to 
2000  Hz.  Figure  3.7-22  illustrates  the  results  of  the  core  probe  FPWL  nlocr^H 

r Tl  fTHeUrVL  pIotted 

rli? I J -r  Ught  about  hy  the  urging  of  the  fan  and  core  streams 

lMuI«°of  ft°?  l.e  fan  bypa“  rati°  <»p>»  and  jet  ve- 

iocitles  of  the  fan  (V^g)  and  core  (Vg)  Streams  using: 


(BPR)  V18  ♦ V8 
BPR  + 1 


(25) 


below1?1*!!  8h0WS  fhat  £he  col?e-generateci  power  dominates  the  lower  velocities 

below  tlxTimVhe\lfi  m/"eC  (7f5/t/sec).  This  corresponds  to -condit ions 
f7ss  fVt  V-  The.et,^ne  generated  power  level  at  velocities  above  230  m/sec 

lh.  J r .l‘  pc‘“ar  l,-co',trolle<i  b»  jpt  "»iSa-  These  results  .««,«"« 

conditions  for  core  noise  investigation  are  at  the  power 

overt  ake  theco^noi  Tf  n KAb°Ve  !Ppt0aCh>  tha  °tl>«  engine  noise  source. 

paraueu  tho-a  *« a 8i“iiap — 
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4.0  ANALYSIS  AND  DISCUSSION  Of  RESULTS 


4.1  DIRECT  ANALYSIS  Of  ENGINE  ACOUSTIC  MEASUREMENTS 


Hie  engine  acoustic  measurements  obtained  from  the  core  noise  test  of 
the  CP6-50  were  processed  through  2-Hz  narrowband  and  l/3-octave-battd  analy- 
sis procedures  Co  display  pressure  Spectra  from  each  sensor  at  all  test  con- 
ditions. A direct  analysis  of  these  spectra  was  performed  to  (1)  identify 
characteristics  common  to  internal  and  far-field  measurements,  (2)  compare 
internal  spectra  with  similar  engine  measurements  previously  acquired  in  a 
test  cell  (ECCP  Chase  III,  Reference  2),  and  (3)  compare  engine  to  full-scale 
annular  combustor  rig  results  with  a standard  production-type  combustor  (ECCP 
Phase  II,  Reference  1).  Table  4.1-1  summarizes  the  ECCP  Biases  II  and  III 
test  points  for  comparison  with  the  core  noise  program  test  data.  Tabulations 
of  required  aerodynamic  performance  parameters  are  included  in  this  subsection. 


4.1.1  Internal  and  Far— field  Spectra  Comparison 

The  internal  and  far-field  measurements  processed  as  2-HZ  narrowband 
spectra  were  obtained  directly  from  the  measured  data.  Hie  1/3-octave-band 
spectra  from  the  internal  sensors  are  corrected  for  ambient  frequency  response 
only,  While  the  far-field  measurements  are  corrected  to  288.3  K (59*  F) , 70% 
R.H.  standard  day  and  free-field  conditions. 

The  internal  spectral  comparisons  were  made  over  five  representative  test 
conditions  covering  the  complete  engine  sea  level  static  operating  range  and 
included  3. 82  (idle),  22.8,  30.8%  (approach),  67.8  and  99.8%  (takeoff)  net 
thrust  settings  (%  Fn) . Comparisons  of  the  fuel  nozzle  spectra  with  the 
associated  spectra  from  the  waveguide  probes  included  an  additional  low  power 
point  at  15%  Fn.  Similar  comparisons  with  the  far-field  spectra  included 
all  of  the  above  six  power  settings.  The  narrowband  and  1/ 3-octave-band  Spec- 
tra for  Sll  Sensors  at  each  of  the  original  eight  data  points  in  the  test  ma- 
trix are  found  in  Reference  4. 

The  internal  measurements  consist  of  fluctuating  pressures  and  include 
both  turbulence  and  sound  (FPL  spectra).  The  far-field  measurements  are 
considered  to  represent  the  engine  acoustir  signature  which  is  comprised  of 
many  Sources  (i.e.,  fan,  combustor,  turbine  and  jet,  etc.).  The  turbulent 
contribution,  however,  is  not  present  due  to  the  distant  location  of  the 
microphones  in  the  far  field.  The  far-field  spectra,  therefore,  ate  sound 
pressure  level  (SPL)  spectra. 


4. 1.1.1  Internal  Measurements- 

The  purpose  of  the  internal  spectra  comparison  was  to  identify  charac- 
teristic trends  in  the  fluctuating  pressure  level  spectra  that  might  be  ob- 
served in  the  far  field. 
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Platte  3.0,  Compressor  Discharge 


PI 3.0  flcdtof . Ideated  i n u.j  . 

sttuca  (16*  clockwise  from  *-op  aft  loofeino  t**  be*:wfe*n  the  diffuser 
pressures  from  the  compressor^  combust  f°r!'a,fd)*  fluctuating 

2-fiz  narrowband  FPL  spectra  td^ooO  Hz  f!£  th?*?  * /lgute  4*f-l  *hows  the 

illustrates  Ch6  spectra  va?ia£in«*  *a*u  i **e  ^*rte  3.0  waveguide  probe  aftd 

quency  regions  appear  between  260  to  40o"!L''*iJ|07nn*l>e<!d  ’ fre- 

"«*•  band  Spectra  e 4 “2  foJlh  U0°  “*•  ^ 1/3' 

reflect  the  high-energy,  dudl-fr.*.^,  *-• 

Plane  3.5,  Combustor  Inlet 

the  42*!  102*!  ^rfS^borScopriiaie^^^  *t  th®  cott*u8t«  inlet  plane  in 
tral  shapes  and  Fpl's  indicating  cifeE&JUeEf^'-i11  ?lsPlayed  ^ilar  spec- 
pressures  in  this  region,  which  is  ju«faft  of  Jhf  y °f  thfe  ^actuating 

typical  2^Mz  narrowband  results  fcrr*n  tha  * ^ nozzles  and  lgftitofs. 

in  Figure  4.1-3  fo“ft  ! ?f°?  “ th*  242  fr>«cion  Ire  show 

Approach  (30,82!  f ),  .M  takeoff  (9P  81  p0?^110"*  including  idle  (3.8X  F„) , 

2^,uTOjt^rS! ^ 

* jijuer  ohservecion  i.  „„teJ“n  T;ll  **• 

Fuel  Nozzle  Sensors 

Two  fuel  nozzles  located  at  the  42*  arid  mo*  • 

With  Kulite  -transducers.  Measurements  of  liouid  f il°n®  w6I‘e  inatru“>ented 
were  made  along  with  the  fluctuating  ^ (fuel)  pressure  pulsations 

waveguide  sensors  in  the  gaseous  mediS  CoaLJi^T^^  acquired  ^e 
froo  the  fuel  nozzles  and  associated  waveeuidTi*!!  T**  “ade  of  the  sPecfcta 
using  a common  fluctuating  pressure  leveMFPL)  ref«Vn  !Je  8arte  vicinity» 
N/az,  Ignoring  the  impedance  differ**;**  it  tlf:  r®ferettce  Pressure  of  2 * lo~5 
the  fuel  nozzle  spectH  were  used  L l!fWHI.rte  liquid  and  gas.  As  such 
than  absolute  magnitude.  compare  signal  content  and  shape  rather’ 


Fuel  System  Operation 

consists  of  the  miin  fuel^inj*  mai^eftgine^ont^i^^^i  n°i86  meausr6“ants, 
nozzles.  p p>  main  en«lne  control,  fuel  manifold,  and  fuel 

contains  rotating^ parts  rt°Z*leS  and 

fuel  flow  is  illustrated  in  Figure  uV  Li  S?  °f  COTbu«tor 

supply.  The  fuel  for  combustion  is  directed  * tH-  PUmP  fr<m  the  fuel 

Which  discharges  the  fuel  throhgh  a debris  screen  ^“hU^Sgh^"..^11” 
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CF6-50  Core  Noise  Program 


Figure  4.1-1.  Plane  3.0  (16°)  Internal  Spectra  Variation  with  L’ngine  Core  Speed. 


56  80  126  200  318  ^^^860  1280  2000  3lSC  6000 


Figure  4.1-2.  Variation  of  Plane  3.0  One-Third-Octave-Band  Spectra  with 
Percent  Net  Thrust. 


CF6-50  Core  Noise  Program 
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Figure  4.1-3,  P Lane  J.r;  (282°)  interna!  Spertra  Variation  with  ingin*  Cor**  Sm  . 


• COMBUSTOR  FUEL  FLOW  PATH 


Figure  4.1-5.  FFh-50  Fuel  System  Schematic. 


gear  element,  increasing  the  pressure  of  the  fuel  delivered  to-the  main  engine 
control  and  eventually  to  the  fuel  manifold  and  fuel  nozzles. 

The  high-pressure  gear  element  contains  two  positive  displacement,  count- 
®*’  rotating,  12— tooth  g^ars.  Fuel  flows  around  the  gears,  and  the  gear  teeth 
push  the  fuel  through  the  passages.  This  action  is  similar  to  an  «ir  chopper 
siren  device  (previously  used  for  acoustic  tests)  which  aiLows  air  to  pass 
through  a rotating  disc  containing  numerous  uniform  slots  and  then  discharging 
the  air  through  a single  orifice  to  generate  multiple  tones. 


The  combustion  fuel  delivered  to  the  fuel  manifold  is  of  high  pressure 
(>69.03  atm,  1015  p&ig).  The  fuel  manifold  supplies  fuel  to  the  30  fuel  noz- 
zles rfiich  consist  of  3 different  types.  A fuel  nozzle  schematic  is  shown  in 
Figure  4.1-6.  Ohe-half  of  the  fuel  nozzles  are  the  dual  flow  primary-secondary 
type.  The  primary  passage  is  always  open  and  fuel  flows  through  it  anytime  it 
is  present  in  the  nozzle  (at  all  conditions).  Fuel  flows  through  the  Secondary 
passages  only  vheft  the  pressure  differential  across  the  fuel  divider  valve  is 
sufficient  to  open  the  valve  (about  14.26  atm,  210  psi). 

There  are  14  secondary-only  type  fuel  nozzles.  Fuel  flows  through  these 
nozzles  when  the  flow  divider  valve  AP  reaches  approximately  16.33-17.0  atm 
(240-250  psi).  These  nozzles  cut  on  at  higher  power  settings  than  the  priraary- 
secondar.y  nozzles.  A special  dual-flow  nozzle  is  used  between  the  igniter 

plugs  to  provide  a primary  flow  for  better  flame  cross  propagation  at  light 
off. 


Comparison  of  Fuel  Nozzle  and  Plane  3.5  Spectra 

The  narrowband  FPL  spectra  from  the  fuel  nozzle  sensors  are  displayed 
in  Figures  4.1-7  and  -8  for  six  speeds  covering  the  CF6-50  operating  line. 
Several  distinct  tones  are  noted  throughout  the  frequency  range.  A few  of 
these  tones  have  been  identified  as  being  directly  related  to  the  fuel  sys- 
tem. A predominate  tone  around  200  Hz  is  thought  to  be  associated  with  the 
fuel  nozzle  flow  divider  valve  spring  critical  frequency  tfiich  was  determined 
from  vibration  tests  to  occur  at  approximately  200  Hz.  The  first  harmonic  of 
this  tone  is  apparent  in  the  400-Hz  region  of  both  nozzles  at  each  speed. 

The  two  12-tooth  drive  gears  which  pressurize  the  fuel  in  the  main  fuel  pump 
were  identified  as  the  source  of  two  more  prominent  tones.  They  are  related 
to  the  gear  tooth  passing  frequencies,  occurring  as  a 12/rev  and  24/rev  of 
the  fuel  pump  speed  which  forms  a 0.584  ratio  with  the  engine  core  speed. 

The  broadband  of  the  primary-secondary  nozzle  spectra  in  Figure  4.1-7 
suggests  a bilobed  spectral  characteristic.  The  first  notable  region  oeanr. 
between  250  and  500  Hz,  while  the  second  occurs  between  1200  and  1600  Hz.  \ 
more  dramatic  display  of  the  broadband  characteristic  is  found  in  the  second- 
ary-only fuel  nozzle  spectra  in  Figure  4.1-8.  The  most  predominant  broadband 
lobe  occurs  at  the  higher  frequencies  between  1200  to  1600  Hz,  while  another 
lobe  is  found  in  the  region  between  400  to  700  Hz,  but  is  not  as  well  defined. 


ihe  narrowband  spectra  from  the  waveguide  sensors  located  at  42*  and  102* 

£ ,i!  3.5.  and  at  the  .am.  c ire  inferential  position, 

as  the  instrumented  fuel  notales,  ace  shown  in  Figures  4.1-9  and  4.1-10.  re- 

f^*!**1  variation  th  «n«i*e  cote  speed  of  the  42*  waveguide 
JX'T*  4’1"?  *hOW*  th#t  the  8pectta  develops  a bilobed  shape  that  is 

1M??;  iSfl  f.i“Cr^,in8  #PCed*  /**k  T*fioni  occut  between  300  to  400  Ha  and 
1200  to  1300  Ha.  They  correspond  to  similar  regions  noted  for  the  associated 
secondary-only  fuel  notale  spectra.  The  waveguide  spectra  at  102*  (Figure 
.1-10)  indicates  a similar  bilobed  characteristic  with  peaks  occurring  in  the 
t^i^SgSe^l?;00*  **  ilidicated  the  primary-secondary  fuel  noatle  spec- 

^ A C0“f4ti<0ft  of  the  fuel  notale  1/3-OBFPL  spectre  to  the  spectre  of  the 
corresponding  waveguide  sensor  et  the  same  circ inferential  position  indicates 
the  regions  of  spectral  shape  similarity  on  a 1/3-octave  basis  over  the  ranee 
ff  operating  conditions  as  illustrated  in  Figures  4.1-11  and  -12..  The  plots 

ih*FvSf6<.4’ioi1i.fih?^th4t  the  Ptioaty-8ec°od«ry  noatle  exhibits  peaks  between 
tb?  550~  to  5®0_Hz  1/ 3-octave  bands  and  between  the  1000-  and  2000-Ha.  bands 
which  tend  to  match  similar  regions  in  the  waveguide  sensor  at  102*  for  con- 
aitiofi#  above  idle. 

.M.  016  secondary-only  nozzle  spectra  forms  three  prominent  peaks  after  the 

c“t8  md  reaches  full  operation  at  conditions  above  idle  as  shown  in 
f 8Jf®  4,l-1?\  A low- frequency  peak  occurs  in  the  200-Ha  band  and  is  apparent 

iL  TVTlt*  t)1  Ap6eds*  ®*i8  ia  8 tone-dominated  region  as  seen 
the  narrowband s of  Figures  4.1-7  and  -8.  The  tone  is  attributed  to  the  fuel 
nozsle  valve  spring  critical  frequency  thich  occurs  at  about  200  Ha. 

The  midfrequency  peak  in  Figure  4.1-12  overlaps  with  the  250-500  Hz 
region  in  the  primary-secondary  nozzle  in  Figure  4.1-11.  it  extends  from 
approximately  400  to  630  Hz.  But  at  takeoff,  it  matches  the  primary-seSnd- 

*l#  rf8l6n  h88  bee0  typically  denoted  as  the  region  where  the 
pedk  in  the  cote  noise  spectre  occurs. 


. h A P®8*1®  aPParent  in  the  region  between  the  1000-  to  2 000 -Hz  bands 

in  both  fuel  noxzles  and  waveguide  seniors,  Th is  is  most  probably  tha  reault 

"*  n°t  t0“*  id'ntifi'd  ia  thl‘  "*lm  *«“ 


1. 


2. 


Observations  from  Fuel  Hottle  Comparisons 

The  spectral  shapes  of  the  fuel  noxzle  and  combustor  waveguide 
sensor  measurements  are  similar,  flie  degree  of  similarity  in- 
creases with  increased  speed.  However,  the  peak  regions  do  not 
vary  with  speed  but  remain  in  fixed  frequency  bands? 

?!  irtte^81  *P^tra  exhibit  a bilobed  shape  with  peaks  occurring 
between  300  to  600  Hs  and  1200  to  1600  Hr.  The  low  frequency  peak 

corresponds  to  the  typical  frequency  range  associated  with  combustor 
noise  • 


As  Measured  Data 
Physical  Spe^d 


Frequency,  Hz 

Figure  4.1-9.  Plane  3.5  (42“)  Internal  Spectra  Variation 


CF6-50  Core:  Hoise  Program 


Figure  4.1-10.  Plane  3.5  (102°)  Internal  Spectra  Variation  with  Eng^ue  Core  Speed. 


3. 


* 


The  fuel  system  components  are  the  source  of  several  of  the  tones 
apparent  in  the  narrowband  spectra  of  the  fuel  nozzle  measurements. 

e o these  tones  have  been  identified  in  the  far— field  measure- 
ments  at  idle  condition  (see  Reference  4). 


Plane  4.0  Combustor  Discharge 

...  ?*J  measurements  at  the  combustor  discharge  plane,  4.0,  were  made  within 

5?!Jli8ilI^e88|?rrJUrbl”e  n°ZzU  ciiaPhra8m-  The  flow  through,  the  nozzle 

lh2i  vn  18  5l!0kSd  ? th®  6x16  (throat)  °**r  *OBt  of  the  operating  conditions 
above  ldJa  * ®[a  Mach  nufflber  at  the  sensor  location  is  a relatively  constant 

illustrates  the  narrowband  spectra  variation  with  core 

A' 1 1 1 betWe6°  8pectra  ahaPe  fit  this  plane  with  the  combusts 

l««ri  fPiJSri  with  Figure  4.1-3.  The  1/3-octave-band 

spectra  (Figure  4.1-140  shows  a lobe  in  the  250-  to  800-Hz  frequency  re* ion 

The  higher  frequencies  0800  Hz)  show  a general  increase  in  FPL  at  all 
core  ftpeede. 


Plane  8.0,  Core  Nozzle  Discharpe 

The  sound-separation  probe  used  at  the  exit  of  the  core  exhaust  nozzle 
was  positioned  at  a central  immersion  in  the  exhaust  annulus.  Figure  4 1-15 
*•  th«  variation  with  engine  cote  speed  of  the  nartowb^d  sjec^a 
5h^Vh< ® forward  Kulite  on  the  probe.  The  low  pressure  turbine  BPF's  of 
V^fir8t’,T0nd‘  8nd  third  Stage8  are  nofc6d  at  the  idle  power  setting  of 

lil  1*'  fit  t<>ne8  dl8appefr  6:00  the  spectra  range  at  higher  speed  points. 
The  shape  of  the  spectra  remain  about  the  same  throughout  the  engine  operating 

tr3'  »•  l{3-oct«e-btad  «p«ctr.  diapUy,d  i.  Figlr.  4.1-16  .how  ,2u£"* 
trends.  The  lower  power  settings  (<30.8*  Fn)  indicate  a peaked  frequency 
region  around  200  to  630  Hz  tfiich  Spans  the  typical  combustor  noise^egion. 

y i“terna}  Pressure  spectra  (FPL)  variation. with  engine 

£ £***  4:1"17  for  the  8i*  conditions  covering  th? 

operating  range.  This  figure  illustrates  the  trends  from  each  of  the 
internal  sensors  in  relation  to  each  other. 


4s lei .2  Fat-field  Measurements 

f"hfj®ld  measurements  taken  in  conjunction  with  the  internal  measure- 
h^A  .HA??  t W8re  Prccessed  in  2-Hz  narrowband  and  1/3-octave- 

ind5cffci?"  of  the  variation  of  narrowband  spectra  content 
with  engine  core  speed  is  illustrated  in  Figures  4.1- IS  through  4.1-22  for 
acoustic  far-fietd  angled  of  30\  60*,  90*,  110\  120*,  and  150*.  re.pecavely. 

The  narrowband  spectra  at  idle  show  several  tones  at  Various  angles 

“*!  80Ble  °f  **1Ch  °CCUr  8t  higher  frequencies  as  a function  of 
5 viP!ed'  “*#t  Predominant  tone  in  the  far  field  at  all  speeds  is  the 
fan  blade  passing  frequency  (BPf)  (A).  Other  tones  at  idle  powe£  in  addition 
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• CP 6- 50  Core  Noise  Program 
e As  Measured  Data 


160 


e 99.896  P. 


N2  « 9993  rpm 


* 67.8%  Pn 

Nn  - 9395  **pn 


e 30.8%  F 

n 

N_  » 8453  rpm 


e 22.8%  P 

n 

N_  * 8227  rpm 


N2  « 6392  rpm 


Frequency,  Hz 


Figure  4.1-13.  Plane  4.0  (92°)  Internal  Spectra  Variation 
with  Engine  Core  Speed. 


2 Hz  Narrowband'  FPL*.  dB  re  2x10  H/» 


1/3  Octave  Band  Internal  Spectra 


Figure  4.1-17'.  Internal  Pressure  Spectra  Variation  with  Engine  Speed 
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Figure  4.1-18.  Far-Field  Spectra  Variation  at  30°  Acoustic  Angle. 
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Figure  4.1-19.  Far-Fleld  Spectra  Variation  at  60°  Acoustic  Angie 
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figure  4.1-20.  Par-Field  Spe£*ra_jy.arlation  nt_90°  Acoustic  Angle 
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figure  4.1-21.  Far-Field  Spectra  Variation  at  120°  Acoustic  Angle. 
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Figure  4.1-22.  I'ar-Fleld  Spectra  Variation  at  150” 
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to  the  fan  BPF,  include  the  fan  booster  BPF  and  fan  second  harmonic  (B) , those 

froa  the  fuel  pump  gear  (C  and  0),  and  loW-ptessure  turbine  third  arid  second 
stage  BPF' s (E  and  F). 

Ihe  fuel  pimp  gear  toned  (C  and  B)  were  identified  in  the  internal  FPL 
spectra  frost  the  feel  noddle  sensors.  These  results  show  that  the  fuel  system 
components  are  the  sources  of  several  tones  apparent  in  the  fat-field  data  at 
loo  power  settings  near  idle. 

Hie  1/ 3-octave-band  far^field  spectra  presented  in  Figure  4.1-23  illus- 
trate the  spectra  variation  at  selected  angles  versus  core  speed  * They  sup- 
port the  narrowband  results  previously  discussed.  Hie  spectra  at  the  typical 
peak  cote  noise  angle  of  120*  shows  the  SPL  to  peak  around  400-500  Hz  for  con- 
ditions below  30.82  Ffl.  Similar  peaked  regions  are  noted  at  110*  and  00*. 


Internal  Spectra  Comparison  from  Engine  Outdoor  stand  and 
Test  Cell  ■ 


The  CF6-50. engine  internal  measurements  acquired  during  the  core  noise 
investigation  with  the  standard  production  annular  combustor  were  compared 
with  similar  measurements  obtained  on  a CF6-50  engine  with  a double  annular 
combustor  run  in  a test  cell  (Reference  2).  Ihe  purpose  of  the  comparison 
was  to  check  the  general  spectra  levels  within  each  Combustor  and  note  dif- 
ferences. The  idle,  approach}  and  takeoff  power  settings  were  Selected  for 
comparison.  Engine  results  were  compared  on  a 1/ 3-octave-band  FPWiL  spectra 
basis  to  account  for  differences  in  state  properties  and  combustor  areas. 

Figure  4.1—24  shows  the  GF6-50  internal  power  spectra  comparison  at  idle 
for  Planes  3.0*  3.5,  4.0,  and  8i0.  The  open  symbols  represent  the  standard 
annular  combustor  results  obtained  in  the  core  noise  progrmn,  while  the  solid 
symbols  represent  the  results  obtained  in  £c6P  Phase  TIT  on  the  double  annular 
combustor; 

The  power  spectra  at  Planes  3.0,  3.5,  and  8.0  agree  within  5 to  8 dB 
above  250  Hz  (except  for  the  400-Hz  tone  in  the  EOCP  Phase  lit  data).  The 
spectra  shapes  are  also  similar.  A large  difference  is  noted  at  Plane  4.0 
with  the  standard  combustor  data  falling  10  to  15  dB  below  the  double  annular 
results.  One  possible  explanation  of  the  differences  observed  between  the 
two  combustors  could  be  the  pi lot -fuel -only  operation  of  the  double  mtnular 
combustor  at  idle  as  opposed  to  the  alternate  fuel  nozzle  operation  for  the 
standard  combustor.  The  pilot-fuel-only  operation  at  those  low  power  settings 
generally  produced  higher  FPWL's  as  noted  in  Reference  2. 

The  approach-power  comparison  illustrated  in  Figure  4.1-25  shows  a much 
closer  agreement  of  both  spectral  shape  and  level.  This  condition  has  all 
fuel  nozzles  operating  for  both  the  standard  and  double  annular  combustors. 

The  difference  of  about  10  dB  at  the  low  frequencies  (<250  Hz)  in  the  core 
exhaust  (Plane  8.0)  may  be  the  result  of  higher  turbulence  experienced  on 
the  core  probe  with  the  factory  plug  nuzzle  installed  for  the  test  cell  run 
(ECCP  Phase  III).  A long  fixed  nozzle  was  used  on  the  core  exhaust  for  the 
outdoor  test  of  the  engine.  It  offered  a smoother,  more  gradual  expansion 
path  to  the  exhaust  flow  through  nozzle. 


Figure  A. 1-23.  Variation  of  Far-Field  Spectra  with  Engine  Power  Setting 
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Figure  4,1-24.  GF6-50  Internal  Power  Spectra  Comparison  at  Idle. 
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Figure  4.1-25,  CF6-50  Internal  Power  Spectra  Comparison  at  Approach. 


Hie  comparison  at  takeoff  power  in  Figure  4.1-26  show*  agrenent  in  spec- 
tra shape  at  Planes  3.0?  4.0*  and. 8.0.  The  Plane  3.5  spectra. for  the  standard 
combustor  are  mors  peaked  In  the  315-500  Ha  region  than  the  generally  flat 
rising  shape,  of  the  double  annular  a pec true.  Differences  of  5 to  8- dB  loner 
FPWl  are  noted  at  Plane  4.0  with-,  the.  standard  combustor.  _ ' — 

These  comparisons  indicate  general  agreement  of  spectra  levels  for  both 
tests  of  the  CP6-50  engine..  Differences  in  spectral  shape  are  expected  since 
the  combustors  are  not  the  sane. 


*•1*3  Comparison  of  Engine  test  to  Duct-kin  Results  with 
Standard  Combustor 

The  internal  measurements  obtained  on  the  CF6-50  engine  with  the  stsn- 
dard  production  annular  combustor  nets  con  pared  vith  measurements  previously 
obtained  on  a similar  type  combustor  during  full-scale  annular  combustor  rig 
tests  (Reference  1)  for  the  Experimental  Clean  Combustor  Program.  Two  points 
mere  selected  for  comparison  based  on  similarity  of  fuel-air  ratios  and  inlet 
flow  functions  (Wc/Tf3/PT3) . Ihe  selected  conditions  are  shown  in  Table  4*1-1 
and  include  the  approach  and  takeoff  power  settings.  They  are  Readings  31? 
and  321  from  ECCP  Phase  tl  and  Readings  551  and  567  from  the  current  program. 

Hie  setup  for  the  duct-rig  test  is  detailed  in  the  ECCP  phase  II  final 
report  (Reference  1).  The  acoustic  probe -locations  for  these  tests  were  as 
illustrated  in  figure  4.1-27.  The  engine  and  duct-rig  acoustic  measurement 
plane  locations  were  not  identical  , as  noted  in  reviewing  the  engine  plane 
locations  in  Figure  3.6-1. 

The  data  for  Comparison  included  the  inlet  and  discharge  measurements 
frma  the  component  test  and  Planes  3.0,  3.5,  and  4.0  from  the  CF6-50  engine 
test.  The  differences  associated  with  the  state  properties,  measurement  plane 
area,  and  flow  Mach  numbers  were  accounted  for  by  using  the  measured  1/3- 
octave-band  power  level  spectra  which  were  based  on  fluctuating  pressure  mea- 
sureaents  at  each  plane.  An  assumption  was  made  that  the  noise  generated  in 
the  combustor  propagated  in  the  plane-wave  mode  past  each  sensor. 

The  approach  power  setting  comparison  in  Figure  4.1-28  indicates  agree- 
ment of  engine  mid  duct-rig  data  in  the  low  frequencies  (<250  Ha)  at  both 
inlet  and  discharge  stations.  The  duct-rig  results  above  315  Ha  show  differ- 
ences of  10  to  15  dfi  above  the  engine  data. 

The  engine  power  spectra  at  Plane  4.0  from  this  progrma  agree  well  in 
shape  mid  level  with  the  component  data  in  the  discharge  for  the  low  frequen- 
cies. The  Plane  3.5  sensor  in  the  borescope  port  is  about  3 dB  higher  than 
the  duct-rig  data  over  the  same  frequency  range. 


Hie  engine-to-duct-rig  spectra  comparison  for  the  takeoff  condition  in 
Figure  4.1-29  shows  a much  wider  separation  between  the  data  sets  over  the 
frequency  range  for  both  inlet  and  discharge,  fit  general,  the  shapes  of  the 
power  spectra  from  the  engine  and  duct-rig  are  similar,  especially  in  the  dis- 
charge region. 
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Acoustic  Probe  Locations  for  Duct-Rig  Test* 
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Figure  4.1-28.  Comparison  of  Engine  and  Duct-Rig  Power 

Spectra  for  Standard  Combustor  at  Approach. 


NOTE:  The  filled  symbols  represent  duct  tig  test  data. 
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Figure  4.1-29.  Comparison  of  Engine  and  Duct-Rig  Power 

Spectra  for  Standard  Combustor  at  Takeoff. 
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,n»nt^  of  differences  exist  between  the  engine  and  duct-tig  combustor 
«!!I5  81  i?n  a8.note?  ln  Reference  2.  They  include  differences  in  measute- 
; ^nr.l°!ftl0ft*/ft8tr“entation‘  th6  P^e^nce  of  a choked  turbine  noiale 

an?  the  variatio*»*  test  conditions  which  all  con- 
tribute to  the  differences  in  levels  apparent  between  engine  and  duct  rig.  ' 

However , the  overall  engine-to-duct-rig  comparisons  with  the  standard  .combustor 
snow  good  results. 


4,1.4  Aerodynaaic  Parameters 

A nummary  of  the  engine  aerodynamic  performance  information  for  the 
CF6-50  core  noise  program  is  found  in  fable  4.1-2.  The  performance  data 
were  obtained  from  an  average  of  two  DMS  (Data  Management  System)  readings 
taken  online  at  the  beginning  and  end  of  each  steady-state  condition.  The 
data  were  supplemented  by  data. from  the  engine-run  logs  mid  cross  plots  from 
**?,aaa  ievelstatic  cycle  for  this  engine  to  complete  the  performance  infor- 
mation.  static  pressures  and  temperatures  determined  from  isentfopic  rela- 
tionships are  included  m the  table  along  with  an  estimate  of  the  local  Mach 
number  at  each  measurement  plane.  A total  of  14  points  is  listed  in  the 

?ich  £epe  at  ^readings  at  3.82  fn  (idle),  30.82  (approach), 

43tf?  aa<*  ^5.52  (climb out)  which  were  taken  to  check  data  repeat- 
ability over  the  operating  line.  * 

the  CF6-56  Corenoise  aerodynamic  parameters  computed  from  the  engine 
performance  information  are  listed  in  Table  4.1-3  for  each  test  condition. 


4‘2  SOURCE  LOCATION  FROM  INTERNAL  MEASUREMENTS 

The  identification  of  the  primary  noise  source  location  within  the  CF6-50 
combustor  was accomplished  through  the  vectoring  of  the  time  delays  from  cross- 
correlations  between  pairs  of  internal  sensors.  The  sensor  pairs  consisted  of 
a forward  sensor  which  provided  the  input  signal  and  an  aft  sensor  fot  the  out- 
i*1,  A of  the  signal  resole. .oft  with  various  combinations  of 

the  downstream  sensors  in  the  core  exhaust  nor  ale 
probe,  showed  the  best  combination  of  sensor  pairs  for  this  analysis  to  be  be- 

Plme  ^f1*,3,5  ~6  plane  4,0‘  *nd  the  8®tt80*8  between 

Jiff*  (42  ) t0  3,5  (*02  ) **■  Plane  3*5  (102‘)  to  3.5  (282*).  Cross-corre- 
letions  between  any  of  the  combustor  sensors  and  the  downstrema  probe  in  the 

?"®l**«*  < 0.1)  and,  consequently,  were  not  used 

in  the  source  location  investigation.  A quantitative  evaluation  of  the  fre- 

^2,-  ^ ua88°uia.ted  "ith  the  tiwe  delay®  the  cross-correlations  was 
determined  through  the  use  of  the  cross-spectrum  phase  for  eech  sensor  peir. 

The  conditions  investigated  included  five  low-power  settings  from  idle 
J5*ree  JiRhet  power  points  shove  approach  to  the  takeoff  con- 
dition.  Restricting  the  majority  of  the  source  location  investigation  to  the 

o power  settings  gave  better  resolution  to  the  cross-correlations  between, 
sensors . 
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namir  Performance  Summary  for  CF6-50  Core  Noise  Program 


4i2*1  Identification  of  Source  Location  from  Vectoring  of 
Cfoas-Cotreldtion  Time  Delays  ' 1 g 


cirtH  I?*"!  15*  Fd  W6i  uied  to  Illttdttata  the  troas-cotrela- 

ftl  rtf?  h aHT  th®  61?ht  c£mditi6tl*  investigated,  The  results  presented 
for  this  condition  are*  in  general,  typical  of  all  of  the  other  peter  set tines 

l,'S  u“,t  2^ . d'Uy*  ft"  **""  *“lr*  *l  411  ““  I»‘«‘ 


ihe  internal  sensor  pairs  from  Plane  3.0  (16*)  to  3.5  (42*)  indicate  a 

n2?tlVVi?*  ?eUy  (“°’85  ffl86c)’  68  86611  in  ^^e  4.2-1,  for  the  predooi- 
corresponds  to  a velocity  of  485  m/s  (1591  ft/sec)  when  using 
a linear  distance  between  the  sensors  of  0.4125  m (1.353  ft).  3his  velocity 
18  J}6?6  £o  th6.  acoustic  velocity  of  460.2  m/s  (1510  ft/sec)  computed  for  this 
ine^ar1^?*"!*^1-  loc8ti?n'  1116  negative  time  delay  indicates  that  a wave  mov- 

PiLl **  * T * n^S^ffi*®  8peed  is  tfawelitt8  in  *»  upstream  direction  from 
3;5. to  3,°*  Similar  results  are  determined  from  negative  time  delays 

sensors*  betWeefl  the  Platle  3-°  censor  with  Plane  3.5  (102*)  and  3.5  (282*) 

8;ns6f8  Pfit6d  «*th  Plane  4.0  sensor  in  the  HPT  nozzle 
?fcith  cc®*u8tolf  discharge  showed  primarily  positive  or  very  near 


' ocuoul  KwuDinKion.  mis  very  small  (±)  tii 

\%  fX*?**!  thi“  ,W1*lt*  "•  «“hing  both  the  Msue 

'*  3‘5  (102  8nd  4-°  <92  ) sensors  almost  simultaneously.  Ihe  wave 
„t0  be  gen6I'ally  n°tfflal  to  the  linear  distances  between 
f^86I8i8t  6ach  pf6116  and  propagating  in  an  aft  direction.  The  double-peaked 
pi2  df lhy/> f8*1 *inS  fro®  £he  cross-correlation  between  Plane  3.5  ( 272*)  to 

4-°  (42  > in  «*"•  *‘**<«>  illustrates  th.  tortferd  end  iff  «er«.M  of 
acoustic  waves  between  these  sensors.  or 

A look  at  the  time  delays  associated  with  the  Plane  3.5  sensors  at 
different  Circumferential  locations  indicate  a positive  delay  time  of  o 2 

STfoL"! 3,5  <M')  “ V <“*•> ifl  ^T2-3  SftuSYS  uoiT 

to  3.5  (282  ) cross-correlation  shows  a double  peak  with  positive  mid  negative 

*l‘l U “ ««  results 

^2  * *°  PI"16  3;5  <282  ) (see  figure  4.2-2).  This  suggests  that  the  two 
this°rLio«*  0«WVeV!j“IWi"8  circumferentially  around  the  combustor  in 
. Wf”e  t-,2"4  the  results  of  this  canp.ri.on  sod 

illustrate,  the  tioe-delay  vectorio,  st  15*  F„,  uhieh  is  typical  of  other 


4.2.2 


Source  Content  Evaluation  from  Cross-Spectra  Phase 


. cross-spectra  phase  associated  with  each  cross-correlation  between 

interval  sensor  pairs  was  determined  to  quantitatively  identify  the  frequency 
reg  ons  associated  with  each  time  delay  peak,  since  there  was  often  more  than 
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Time  Delay,  f , msec 

Figure  4.2-1.  Cross-Correlation  Results  Between  Combustor 
Sensors  at  Plane  3.0  and  3.5. 


CF6-50  Engine  With.  Standard  Combustor 


«.  «.  ti«  «**  .*  * *"E2JSS 

spectrum  phase  (within  the  ®J  [ teaiotts.  Identification  o f corre- 

near  aero  phase  Shift  to  ?he  prtdmtinant  time  delays  from  the 

lated  frequency  regions  associated  with  t P*  accomplished  through 

„t,e.-eo«.l.tion.  « th.  cro^yitr- 

ttid  of  thd  cM88-8^ctrum  P«  < •‘tuifc  h&v8  fiooir  cdto  jfiftdo  Shifts 

ESS  rt“  - “ *"  ~ 

relegran  of  e pelt  <>«“““«  ““  J«t“  p««kia  Figure  4.2-5(e>  U « * «**- 
proach)  condition.  The  fir  . , • ate(»  with  a region  of  frequencies 

Sve  time  delay  of  -0.625  msec  and  is  essociated  witn  8 q£  ^ cross- 

between  300  to  850  Ha,  illustrated  by  ationneak  at  -2.50  msec  in  Pig- 

S£lfta  *U«  £S* 100  mi  350  H. 

ure  4.2-5U)  U *1*  J ofSoS  **«•  •*  *re<iueeciee  «* 

tta-  -UK"*!'  *““Ml  Pr°’>‘8*t 

in  the  same  general  direction. 

Figure  4.4-6  it  1 ust r e fctiA £ settfior^ mnd  the* one* at* Plane  4.0  (04*) 
time  delay  peak  between  the  Plane  4*5  ffeauencies  from  500  to  1000 

fSth.  *.5  »n  condition  ! «d  ***  ***  M 

ft*.  The  slightly  n6«“iy*  1 twh  tinsd«gilfflost  simultaneously,  but  that  the 
b.U«U  direction  of  ^pegetion  et  thi.  locntidn. 

Shorn  in  Figure  4.4-7  that  the  Signal  is  «arel gg  between  100  to  400 

the  one  at  102*  and  is  comprised  of  the  io*x  ^ tte  higher  frequencies 

Ha  which  generally  are  attributed  to  < eMM  nois  ^ ^ «gie  is 

are  associated  with  the  "■'“***  5o0  ft*  due  to  the  small  time,  delay  associ- 
increasing,  at  a very  slow  rate  above  500  n*  one 

ated  with  these  frequencies. 

k similar  comparison  c6®^^£*^dtho^takeo |^QC°®dition l^and*200^ to  400 

Shows  that  correlated  freque  y ®8  (44*)  sensors  <diich  corre- 

tta  occur  (Figure  4.2-8)  for  the  Plane  .0  tc ^ 3.3  k fche  cfo8a-correllogram. 

spond  to  the  time  delays  of  -0.8  and  1.9 JJ“C  no^  ^ ^ result  o£  the  100- 

the  low  (negative)  a0£ll*ju?%1  ,_nce  0n*the  high  frequencies  above  600  Ha. 
to  1000-Ha  frequency  band  influence  on  hig^  ^ moving  forward  and 

Since  both  of  the  time  delJ^  f ® of  the  frequencies  identified  above, 

contain  acoustic,  energy  regions  comprisea  or  me 

ttgur.  4.2-9  dh.«  a.  frequencie.^bove  SOOfc  t.  **^*£?£ 

th.£^tdlwof f^ condition^  "E* *ftS«U.  d«in.t.  the  region  h.tve«  the  «n- 

Tr.  % *o  ■»*«  <iiteCCl0n' 
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Figure  4.2-5.  Correlated  Frequency  Regions  Between  Combustor 
Sensors  from  Plane  3.0  (16°)  to  3.5  (42*)  for 
Approach. 
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Cross-Spec  trim.  Phase,  Degrees  Normalized  Correlation  Coefficient 


Normalized  Correlation. 

Cross-Spectrin  Phase,  Degrees  Coefficient 


The  correlated  ft e quench  teg ion  in  Figure  A. 2- 10  between  the  combustor 
seniors  from  Plane  3.5  (A2*)  to  3.5  (102*)  is  primarily  comprised  of  low  fre- 
quencies (100-500  Ha)  which  travel  with  a positive  tine  delay  (+0.703  nsec ) , 
apparently  in  a circumferential  path  around  the  combustor.  


A. 2. 3 Sunasry  of  Source  Location  Investigation 

Ate  predominate  tine  delays  and  correlated  frequency  regions  for  all  test 
conditions  used  in  this  analysis  were  determined  and  are  found  in  table  A. 2-2 . 
the  amplitude  of  the  normalised  correlation  coefficient  at  each  of  the  tine 
delay  peaks  is  also  listed  in  the  table  along  with  an  estimate  of  the  acoustic 
velocity  obtained  from  the  usual  sonic  velocity  equation  and  approximate  magni- 
tude of  the  time  delay  (not  direction),  based  on  the  linear  distance  between 
sensor  pairs. 

A review  of  this  table  indicates  that  the  estimated  tine  delays  between 
Plane  3.0  to  3.5  agree  well  with  the  test  results,  except  for  the  direction. 

The  results  between  Plane  3.5  to  A.O  are  not  as  clear  since  it  has  been  pre- 
viously shown  that  acoustic  waves  are  traveling  all  over  this  region  and  not 
necessarily  in  the  aft  direction. 

the  vectoring  of  the  time  delays  from  the  cross-correlations  indicates 
that  the  location  of  the  primary  noise  source  within  the  standard  production 
combustor  is  between  Plane  3.5  and  A.O  as  defined  by  the  presence  of  near  aero 
time  delays,  it  is  also  apparent  that  more  than  one  group  of  frequencies  con- 
tributes to  the  sources  within  the  combustor,  and  that  these  groups  Of  frequen- 
cies travel  different  paths  snd,  sometimes,  in  different  directions. 


A*  3 COHERENCE  AMP  TRANSFER  FONCTlOg  ANALYSIS 


A.3.1  internal.  Coherence  and  transfer  Function  Results 


Comparisons  of  coherence  function  results  at  each  measurement  plane  were 
reviewed  along  with  selected  results  from  the  transfer  analysis.  Appendix  A 
presents  the  coherence  and  transfer  function  results  for  seven  power  settings 
(3.8,  15,  22.8,  26.7,  30.8,  36.5,  and  AS. 52  Fn).  Positive  time  delays  deter- 
mined from  cross-correlations  between  pairs  of  sensors  were  incorporated  into 


the  data  to  account  for  phase  differences  between  sensors.  Where  negative 
time  delays  were  observed  (which  indicated  that  the  signals  were  traveling 
Opposite  to  the  assumed  direction),  a zero  time  delay  was  input,  the  error 
introduced  by  this  procedure  was  estimated  by  the  method  outlined  in  Section  . 
3.7.  It  results  in  an  error  Of  approximately  0.0042  of  the  true  Coherence 
value i which  is  negligible. 


Coherence  function  comparisons  are  shown  in  Figure  A. 3-1  for  the  com- 
pressor discharge  to  combustor  inlet  Planes  3.0  (16*)  and  Plane  3.5  (A2*) 
at  conditions  of  15,  30.8,  and  A5.52  Fn.  The  coherence  levels  range  from 
0.2  to  0.5,  or  more,  over  the  engine  power  settings  investigated;  the  spectral 
Shapes  ere  similar. 
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Table  4.2-2.  Summary  of  Source  Location  Parameters  for  Cffr-50  Combustor 


Percent  Met  Thrust,  X Fn 
Corrected  Core  gpesd,  rpa 
Cross-Correlation  Pair 


6 9Une  3.0  (16*)  to  3 

.5  (42*). 

(«MC) 

t- 

1 

2 

1 

2 

Otttt) 

it 

1 

2 

(»/«) 

c 

(ftdee). 

C*«ec)  t 
P*F 

(KM i)  hi 

<*/•)  C 


-i.O 

-.85 

-.9 

-.6 

-.625 

0.34 

0.32 

0.21 

0.17 

-2.80 

0.124 

0.2MJ.8 

6.45-0.8 

0. 5-0.7- 

O.5-0.8 

0.198 

0.J-1.0 

409.3 

460.2. 

480.4 

484.0 

0. 1-0.4 
490.4 

1.007 

0.896 

0.638 

0.852 

0.841 

. Pl.fie  3.0  (16*)  to 
(«*«c) 

3.5  (282*) 
i 1 

2 

Pxy  1 
J 2 

(KHc) 

li  l 

(ro/s) 

2 

C 

(nano) 

IW| 

-1.7 

Distinct  d ■ 

0.7404  ■ (2.429  ft) 

-i.S  -I.J 

-1.5 

-1.406 

-J.367 

0.44 

0.25  0.18 

0.19 

-2.734. 

0.179 

-2.656 

0.134 

0.45-0.8 

0.4-0. 8 0. 5-0.8 

0.127 

0.5-0.8  0.5-0. 9 

0.150 
0. 5-0.9 

409.3 

1.809 

460.2  480.4 

l;609  1.541 

484.0 

1.529 

0. 1-0.3 

490.4 

1.516 

0.1-0. 3 

499.3 

1.483 

-1.8 

-1.7 

-1.6 

-1.6 

-1.406 

-1.65 

0.44 

0.74 

0.15 

0.15 

0.131 

0.115 

0.4-0. 7 

0.4-0. 7 

0.5-0.7 

0.5-0. 7 

0. 5-6.8 

0.4-6. 8 

409.3 

1.862 

460.2 

1.656 

480.4 

1.586 

484.0 

1.574 

490.4 

1.554 

499.3 

1.526 

(msec)  t | 

2 

pxy  » 

(KH*)  Af  1 

2 

(■/•)  C 
(naec)  |x*gt| 


0 

0.2S 
0. 1-0.4 


Lineer  Distance  d » 0.4679  m (1.535  ft) 
°*1  0*1  0.195  0.117 


0.3-0. 5 0.4*0. 5 


0.21  0.182 
0.4-0.6  0.4-0. 6 


-.781 
-1.933 
0.130 
0.243 
0. 6-0.9 
0. 1-0.3 
310.8 
0.607 


-1.328 
-2.617 
0.173 
0.109 
0.5-0. 9 
0. 1-0.2 
310.8 
1.449 


-1.445 
0.109 
0. 5-0.8 


0.117 
0.1499 
0.4-0. 6 


0.156 
0.08 
0. 5-0.8 


fable  4.2-2.  Suntfoary  of  Source  Location  Parameters  fdr  CP6-56 
(Concluded) . 


Combustor 


Percent  Net  Thnist,  X fh 
Corrected  Core  Speed.  rpi& 
Cross-Correlation  Pair 


PUfte  3.5  (102* ) to  4.0  ($2*) 
(owed)  t i 


(tt/i)  C 
(msec)  [teitj 


i»lane  3.5  (282*)  to  4.0  C 92* ) 
(msec)  t i 


-0.10 

Linear  Distance  d - 
-0.03  0 

0.2860  ■ (0.938  ft) 
-0.039  0 

0.62 

0.46  0.38  0.06 

0.362 

0.343 

0.1 -0.7 

0.4-O.6  6.4-0. 7 - 

0.3*1. 6 

0.4-0.$ 

Line**  Distance  d « 1.2863  a (4.227  ft) 


(m/s)  C 

(msec)  {test | 


• Plane  3.5  (42*)  to  3.5  (102*) 
(.msec)  t 1 


(m/s)  C 
(msec)  j Test | j 


d Plane  3.5  (102*)  to  3.5  (282*) 
(msec)  \ 1 | 


0.3 
0.48 
0.1-0. 4 
3 


(m/s)  C 
(msec)  | *est | 


Linear  Distance  d - 0.4409  a (1.446  ft) 

^*2  0.33  0.43  0.469 

“<>•2  -0.3  -0.5  -0.352 

°‘?b  0*27  0.26  0.3185  0.262 

0.36  0.27  0.23  0.136 

0. 1-0.3  0.1-0. 4 0.1-0. 5 0. 1-0.5  0. 1-0.5 


Linear  Instance  d - 1.3230  m (4.340  fl) 


0.430 
0.27 
0. 1-0.5 


1.7 

-1.7 

0.27 

0.07 

0.3-0.'* 

1.6 

-1.9 

0.14 

0.15 

1.5 
-1.7 
0.125 
0.16 
0. 3-0.5 

1.6 

-1.9 

0.06 

0.08 

1.7 

-1.9 

0.07 

0.09 

0.0$ 

0.085 

0.06 

409.3 

3.232 

460*2 

*'.875 

480.4 

2.754 

484.0 

2.734 

490.4 

2.698 

499.3 

2.650 

510.8 

2.590 

555.3 

2.362 

L3 
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Pi^^IwaJi?"2  C0®P*res  the  coherence  function  for  Plane  3.5  (102*)  to 
iJrS  4*?i.(92  l th*  Bmf  150 W6t  settings.  -At  the  lower  power  setting  of 
‘_.Fn*  th«  coherence  levels  remain  it  0.4  to  0.5  over  the  low-frequency 

**£*2  f°°  H<*  ^ Wxt^  thrust  (speed),  the  coherence  level  in 

qv  y re810,L  (<30°  Hz)  ia  Educed  , while  the  levels,  at  the  higher 

tivelv  hivh  JW!eit  4°?  “*?  600  H*  rettai,i  essentially  the  saae.  The  rels- 
!^*ly  coherence  levels  between  the  Plane  3.5  to  4.0  sensors  suggests 

22  momt  of  Acoustic  energy  is  present  in  this  region.  Ibis  ob- 

servatxon  is  supported  by  the  results  of  the  source  location  survey  (Section 

Between  the  combustor  and  the  core  noxale,  only  a small  eroun  of  fr#- 

a^the^isf6^  H*  !?OW  My  significant  level  of  coherence  (0.3  to  0*4) 

to  Plane5?  0A  8h6w8  the.c«“P«tfi*°<»  Plane  3.5  (202*) 

0 i IS  h!i  ^^.^  ^s^igher  power  settings  show  coherence  levels  around 
heiow,  indicating  little  or  no  similarity  between  the  signals  at  the 
edubuitor  inlet  plane  and  the  cote  no tile . 

. a ^*3“4  shows  the  coherence  function  in  the  core  noaxle  (Planes  8 0A 

cLtarid  leTels  (>°*$)  UP  t0  500  fia  at  all  test  conditions  * 

f2Xi^«2L  <!!  5*  F*  the  ?*ctfal  distribution  of  the  coherence 

faction  peaks  m a region  between  250  to  600  Ha,  which  includes  the  frequen- 

ii  thf  i«tX?ied  °°5e  fl°186,  with  ittcreaaing  thruat,  the  Coherence  levels 
in  the  low  frequencies  between  100-200  Ha  increase  from  0.3  to  0.7,  indicating 

«J8nal  similarity  on  both  probe  elements  which  may  be  attrib-^ 
uted  to  increased  turbulence  over  the  probe. 

typical  examples  of  the  resulting  transfer  functions  (gain  mid  phase)  be- 
rr?  aen£l°“  at  Planes  3.5  (102*)  and  4.0  (92*)  are  illustrated  in  Figure 
4-.3"5  foT  thf  loW  P°**  setting  of  IS*  Pn.  A aero  time  delay  was  used  in 
°*\  e?*u8e  °5  the  T*1  (±0-4  ns)  delay  times  determined  from 

indicating  the  close  proximity  of  the  source  be- 
tween  these  planes.  The  transfer  function  calculations  were  accomplished  with 

safaS  e**8?*  °£  *he  2,J"H*  bandwidth  data  having  a total  record  length  of  40 

IIS!^,.*.^reUtiTe}y  4gh  level  of  coher Slice  (Figure  4.3-2)  for  these 

/ 8 fk^hia  condition  is  reflected  in  the  average  transfer  function  maani- 
e (gain)  of  approximately  0.1  over  the  low  frequency  range  from  50  to  500  Ha 

»«“  “»l«  »}•*.  4.3-5(b),  i.  b«.ically  ho?l^t  ?hS  .2S 

frequency  range,  indicating  these  frequencies  are  in  phase. 

in  contrast,  Figure  4.3-6  illustrates  the  transfer  function  results  far 
the  same  condition  between  the  combustor  sensor  at  Plane  3.5  (282*)  to  the 
c«.  do«L  Fla.  8.0*  (270*).  tec.lUn*  th.t  eh.  coh.?^.  [„.l.  2r*Si. 
pair  of  sensors  were  quite  low  (Pigure  4.3-3)  for  this  condition  above  100 
2v£?!  tr8?8fer  **ttctJ-on  gain  in  Figure  4. 3-6 (a)  shows  levels  of  about  o°ooi 
tion^magnitudes  ^ *******  above  100  Hr  Show  even  lower  transfer  fuac- 

Ihe  phase  plot  for  thess  Sensors  is  erratic  and  does  not  ahow  any  aooar- 
ent  frequency  regions  in  phase  with  the  delay  time  computed  L«  ^o2-2?rtU- 

aeLa  ^ 'ehirLn/T11'  dir“U^  “ '»«  U«  I 

ODteined  for  this  pair  of  sensors  at  all  conditions. 
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Figure  4.3-3.  Coherence  Function  for  Plane  3.5  (282#1 
to  8.0A  (270°) . V ' 


« n J5h  fUrtct‘ofl  *aa“lfc»  within  the  core  nozzle  between  the  Plane 

^°A?  ?5  »Rull!*^Att?  B are  8howtl  ifl  Si.8ut«  4.3-7  for  the  high  power  getting 
. w5.5X  Fn.  A high  level  of  transfer  function  magnitude  (0.1  < I HI 2 < 1.0) 

“ f°  400  **;  ***-**«*  of  fancies  is  also  ii  phase, 

lLTnJ:%  the  horizontal  id-  Figure  4*3-7(b>  fot  this  region.  The  high 

tf^ifet  wSult!Ce  *“  lgUre  4,3-4  fot  thiB  condition  is  the  basis  fot  these 

^•3*2  Coherence  and  transfer  Function  Results  to  the  Par  Field 

Coherence  and  transfer  functions  (gain  and  phase) , with  time  delay  re- 
^ved , were  computed  between  the  CF6-50  engine  and  each  fat-field  microphone 
Sf/ll  !!*en  teSt  ?ood ttions  evaluated.  Two  different  internal  sensors  were 
tit *1*  inpUta*  ^ included  the.  Plane  3.5  (102*)  sensor  in 
2?  * b * ^ /he  core  probe  sensor  at  Plane  8.0A  (2?0*>.  The  complete  co- 

herence  and  transfer  analysis  results  to  the  far  field  are  found  in  ApSendLT 

firom.the  “aiyfli*  are  presented  in  the  discussion  which 
covers  the  conditions  tested. 

lhe  coherence  ievels  achieved  with  the  two  sets  of  engine  to  fat-field 
measurements  are  graphically  summarised  for  the  15*  Fn  and  45.5*  F„  settings 

2““«ir  2i  fr,<iuenc,iea  <“*  io°-  — **>•  ».«  fteq„L?  S22&. 

£f®. 1 HL  2®  °i8!2*«iotts  5hat  the  higher  coherence  values  were  generally 

found , between  50  and  100  tts,  while  the  peak  cote  noise  frequency  is  typically 

i2H  f£  h*\uA  e.imila*  6°berent  low-frequency  region  peaking  around 

120  Hs  was  observed  by  the  investigators  of  Reference  9. 

. . I,*3"8  «bows  the  50-fls  comparison  of  the  far- field  coherence  levels 

PlS€t3*5  (1?2  } md  8,0A  (270#)  tor  the  15  45.5*  points,  te- 

shows  the  high  degree  of  coherence  relative  to  Plane 

II*  foL thlV £re<*eullcy  low  power  setting  over  the  Plane  3.5  (102*)  refer- 
f?j®I  ^ f if?1 8 referenced  to  Plane  3.5  concentrate  around  0.1  at 
Ih!  n i *£U  at  tha  higher  power  setting  (45.5*  Fn)  the  levels  are  below 
the  0.1  coherence  value  established  as  a minimum  level  for  analysis  purposes. 

A*® Prisons  of  the  Plane  3.5  and  Plane  8.0  coherence  results  with 

400  ut*  *lt  lllustratfd  i»  Figure  4.3-9  for  100  Hs  and  Figure  4.3-10  for 
400  Hs,  the  typical  core  noise  peak  frequency.  The  100-Hs  comparison  Shows 
cohereneeievsisof  0.1  to  0.25  in  the  aft  quadrant  angles  for  the  low-power 

Ujj**  **  th®  higher  speed,  however,  coherence  levels  of  0.1  and  beloware 
apparent  for  both  reference  plane  sensors. 

Figure  4.3-10  shows  the  400-Rs  coherence  level  for  both  planes  to  fail 
atJ?f  bflow  tb«  M coherence  value  at  all  angles  for  the  condi- 

22  .f.u'coSi’ioJ2S'P  f"  the  cohw“«  »»!“■  «»  th«  higher  _£«*«,«- 

¥ 3*  fot  the  ideal  case  of  a constant  parameter  linear  sys- 

in®d  input  and  outPut*  the  coherence  function3^ 
h If  he  inpf  and  oufcPut  signals  are  totally  unrelated,  the 
i be  zero*  If  the  coherence  function  is  greater  than  sero  but 
less  than  unity,  one  or  more  of  three  possible  situations  exists. 
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Figure  4.3-8.  Far-Field  Coherence  Level  Comparison  Between  Planes  3.5 
(102°)  and  8.0A  for  50  Hz. 
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Figure  4. 3-10.  Far-Field  Coherence  Level  Con>parison_B£tween  Planes  3.5 
(102* ) and  8.0A  for  400  Hz. 


1.  the  measurement s are  influenced  by  extraneous  Udine  - both  internal 
md  external  measurements  are  above  the  noise  floor;  therefore*  this 
can  be  eliminated. 

2.  the  system  relating  the  input  and  output  signal  is  not  linear  - 
several  noise  paths  ere  possible  which  are  not  linear. 

3.  Ihe  output  signal  is  a function  of  store  than  one  input  - at  higher 
poser  settings  this  is  true  since  jet  noise  dominates  the  «*ngiw* 
noise,  the  loser  power  settings  are  more  likely  to  be  controlled 
by  core  noise . 

A review  of  the  far- field  results  from  the  Plane  3.$  and  Plane  8. QA  refer*- 
ences  with  the  above  situations  was  performed  in  m attempt  to  identify  a 
reason  for  the  low- coherence  ehich  appeared  to  be  associated. more  with  the 
Plane  3.5  reference  than  Plane  8.0.  Without  an  extensive  survey*  shich  is  be- 
yond the  scope  of  this  contract*  the  most  probable  reason  appears  to  be  the 
nonlinear  paths  the  noise  takes  from  the  combustor  to  the  far  field  (e.e.. 
casing  radiated  noise). 


Ihe  spectral  distribution  of  the  coherence  function  at  selected  far-field 
angles  relative  to  the  core  noxzle  Plane  8.0A  sensor  is  compared  in  figure 
4.3-11.  angles  of  60**  90*,  120*,  and  ISO*  on  the  45.72-m  (150-ft)  measure- 
ment arc  for  the  approach  power  setting  (30.82  Fn)  were  used  in  the  compari- 
son. the  time  delays  due  to  acoustic  propagation  to  each  microphone  location 
were  removed.  The  values  of  the  coherence  function  ranged  between  0.15  to 
0.35  at  60*,  90*,  and  120*.  At  150*  the  coherence  levels  are  less  than  0.1 
over  the  frequency  range  from  50  to  1000  Hz.  the  regions  of  frequencies  with 
coherence  level  greater  than  O.i  are  concentrated  with  the  low  frequencies 
(400  Hz)  with  the  most  prominent  regions  between  50  to  150  Hz, 

the  transfer  function  results  (gain  and  phase)  with  the  far  field  rela- 
tive  to  the  Plane  8. 0A  sensor  were  compared  at  the  peak  Core  noise  angle  in 
the  far  field  (120*).  figure  4.3-12  illustrates  the  transfer  function  gain 
for  the  120  microphone  at  15,  30.8,  and  45.52  Fn.  the  gain  (|ttV)  in  the 
far  field  has  the  transmission  loss  due  to  spherical  divergence  removed  in 
order  to  depict  the  actual  loss  of  coherent  signal  due  to  influences  other 
than  promixity  to  the  source,  the  transfer  function  values  are  about  0.1 
between  50  and  300  Hz  for  all  power  settings,  the  loss  is  greater  at  the 
higher  frequencies  tftere  the  coherence  is  less  than  0.1. 

Figure  4.3-13  shows  the  transfer  function  phase  results  for  the  120*  at 
the  same  conditions.  The  nearly  horizontal  region  of  the  plot  in  the  low  fre- 
quencies below  200  Hz,  indicates  that  about  the  proper  maount  of  delay  time 
was  removed.  Above  200  Hz  the  coherence  levels  are  less  than  0.1,  except  for 
a small  band  of  frequencies  around  300  Hz  (Figure  4.3-11).  Therefore,  the 
phase  information  at  the  higher  frequencies  is  meaningless  due  to  the  large 
amount  of  error  associated  with  using  low  coherence  values  (-0.1)  as  de- 
scribed in  Section  3.7. 
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4.3.3  turbine  Transfer  Function  Comparison  with  Previous  Teat, 

Results  end  Present  Theory 

the  transmission  loss  of  acoustic  signals  across  the  turbine  of  the 
CFfe-$0  turbofan  engine  was  determined  as  an  attenuation,  or  loss  of  coherent 
signal  level  from  the  combustor  discharge.  Plane  4.0  to  the  core  nosile  exit. 
Plane  8.0.  the  coherent  levels  at  each  of  these  planes  sere  obtained  rela- 
tive to  an  upitream  input  signal  level  at  the  combustor  inlet,  Plane  3.5.  the 
procedure  used  here  is  similar  to  that  described  in  Reference  2.  the  coherent 
SPL  spectra  at  Plane*.  4.0  and  8.0  mere  compared  at  each  of  the  seven  low-power 
settings,  the  difference  between  the  spectra  represents  the  amount  nf  energy 
transferred  in  SPL  across  the  turbine*  the  results  of  these  comparisons  at 
each  test  condition  are  found  in  Appendix  B. 


e comparison  with  Previous  test  Results 

Comparisons  of  the  turbine  attenuation. results  on  a PWL  basis  were  made 
with  similar  results  obtained  during  the  running  of  the  BCCP  Phase  111  teat 
with  a double  annular  combustor  on  the  same  type  of  engine  (see  Reference  2). 
Conditions  at  approach  power  (~30%  F*)  and  about  45%  Pft  were  selected  for  the 
comparison.  Ihe  attenuations  determined  in  the  form  of  A8PL'*  at  each  1/3- 
Octave-band  frequency  from  50  to  1600  H*  between  the  coherent  spectre  plots  at 
Planes  4.0  and  8.0  relative  to  the  upstream  combustor  signal  at  Plane  3.5  were 
converted  to  PWL  attenuations  to  account  fot  Impedance  changes,  Mach  number 
effects,  and  area  differences  at  the  measurement  planes. 

Figure  4.3-14  illustrates  the  PWL  attenuation  comparison  at  approach  for 
the  30.8%  F«  point  on  the  core  noise  test  and  the  29.7%  Pn  point  on  the  RCCP 
Phase  ill  test.  (The  29.7%  F«  condition  was  selected  for  comparison  since 
both  sets  of  pilot  and  main  burners  of  the  double  snnular  combustor  were  oper- 
ational.) The  attenuations  for  the  core  noiae  test  range  from  AdBpm.  of  about 
10  to  25  dB,  while  the  ECCP  results  Show  about  6-  to  18.5-dB  attenuation  ever 
the  frequency  renge.  The  core  noiae  ettenuation  increases  rapidly  between  160 
to  400  Ha.  A similar  rate  of  increase  is  apparent  for  the  ECCP  results  between 

315  eo  500  Ha. 

A higher  power  setting  comparison  of  turbine  attenuations  is  presented 
in  Figure  4.3-15  for  the  conditions  around  45%  Ftt.  The  core  noise  attenu- 
ations range  from  about  8 to  25  dB  over  the  frequency  range,  remaining  con- 
stant in  the  low  frequencies  below  160  Ha  and  increasing  from  there  to  about 
1250  Ha.  The  ECCP  results  behave  similarly,  but  at  levels  that  are  below 
the  core  noise  attenuations  by  3 to  6 dB  in  the  low  frequencies  (<160  Hs) 
and  10  to  15  dB  in  the  higher  frequencies. 


* Comparison  with  Present  Theory 

The  theroetical  turbine  transmission  loss  (attenuation),  as  predicted  for 
supersonic  blade  rows  by  the  procedure  in  Reference  10,  was  determined  for  the 
six-stage  turbine  ott  the  CF6-50  engine.  The  takeoff  condition  was  selected 
for  the  analysis  comparison  due  to  cycle  condition  availability*  This  condi- 
tion is  considered  to  be  representative  of  the  other  operating  conditions 
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Figure  4.3-14.  Comparison  of  Measured  Turbine  Attenuation  from 
Coherent  Spectra  at  Approach. 
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since,  Above  idle,  the  turbine  no eel e (Plane  4.0)  operates  ne*r  choked  condi- 
tion*. The  prediction  program  was  set  up  following  the  recommend etion*  noted, 
in  Reference  10  for  the  CF6-50. turbine,  the  ettenuetion  reeult*  of  the  theo- 
retical predictions  are  shown  in  com  par icon  with  the  engine  reeult*  in  Figure* 
4.3-14  and  -IS.  A maximum  attenuation  of  8.54  dB  i*  obtained  at  630  Hz  after 
reaching  the  fir at  cut-on  frequency  of  570  fi*.  Prior  to  cut-on,  lea*  than 
1.5-dB  attenuation  i*  computed,  the  attenuation  drop*  off  from  the  maximum  to 
7.12  and  6.72  dR  at  800  and  1000  Ha,  respectively. 

the  chape  of  the  theoretically  predicted  attenuation  curve  is  similar  to 
the  data  trends  observed  for  the  30.8  and  45.52  Ffl  condition*  in  Figure* 
4.3-14  and.  -IS,  respectively,  the  attenuation  levels  for.  the  theoretical  pre- 
diction are  lower  than  the  core  noise  teat  results  by  a*  much  as  20  dB,  pri- 
marily in  the  frequencies  above  125-160  Ha.  this  .amount  of  difference  may  be 
due  to  the.  limited  coherent  signal  content  at  the  higher  frequencies  at  both 
Plane*  4.0  and  8.0  relative  to  the  input  signal  Plane  3.5. 


4.3.4  Summary  of  Coherence  and  Transfer  Function  Result* 

the  Coherence  levels  within  the  CF6-50  engine  combustor  were  of  suffi- 
cient magnitude  to  achieve  reasonable  transfer  function  gain  and  phase  infor- 
mation. Between  the  combustor  and  the  core  nozzle,  the  coherence  level*  w '-re 
quite  low  (-0.1)  Which  resulted  in  a minimum  amount  of  transfer  function  in- 
formation. 

The  far- field  results  showed  that  only  a small  anount  of  correlated  sig- 
nal reached  the  far  field  and  was  coherent  in  a small  band  Of  low  frequencies 
«200  Hz).  Nonlinear  effects,  due  to  the  various  paths  the  internally  gen- 
erated signal  takes  before  reaching  the  far  field,  were  reasoned  to  be  a pos- 
sible cause  for  the  low  coherence  levels  observed  with  this  engine. 

The  method  of  analysis  (ordinary  coherence)  may  also  have  an  influence 
on  the  strength  of  the  coherent  signal  in  the  far-field.  Other  noise  sources, 
even  at  low  power  settings,  may  have  contributed  to  the  low  coherence  levels 
achieved,  there  is  a possibility  that  the  use  of  multiple  coherence  with  the 
three  Plane  3.5  sensors  or  the  two  Plane  8.0  sensors  as  input  may  improve  the 
results  of  the  coherence  and  transfer  function  analyses. 

the  turbine  transfer  functions  determined  for  the  CF6-50  with  the  stan- 
dard production  combustor,  in  the  form  of  adSp^  attenuation,  were  compared 
with  the  ECCP  fttase  ill  results  (Reference  2)  and  present  theory  (Reference 
10).  ihe  results  of  the  comparison  showed  the  GP6-50  core  noise  attenuation 
to  be  generally  higher  than  the  EGCP  data,  especially  at  the  frequencies  above 
160  Hz.  The  theoretical  prediction  is  lower  than  both  sets  of  data  but  the 
spectral  Shape  is  similar. 
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Fis-M  4.3-15.  Carlson  of  Measured  Turbine  Attenuation  fro. 
Coherent  Spectra  at  45.5  Percent  Thru&t. 


4.4  output  Power 

4*4.1  Duct  Power  Level  Comparison  frith  Predigtiona 

Comparisons  were  aide  with  predicted  value*  of  measured  aid  coherent  duct 
Piili'i  computed  in*ide  the  CF6-50  engine  combustor  end.  cote  nozzle,  respec- 
tively. 

Internal  Combustor  FPWL  Versus  Component  Prediction 

A comparison  of  the  combustor  sensor  measured  power  level  was  made  with 
a simplified  component  prediction  derived  for  the  ECCP  of  Phase  II  component 
test  data  (Reference  1).  The  overall  power  level  PWLoe  is  calculated 
from: 

FHLffi  » 100.2  ♦ 10 log  [W36(T4-T3)  /T^J] 

re  10"13  watts 

Where  Pj3  * Combustor  inlet  total  pressure , KN/m2 
%3  * combustor  inlet  total  temperature  * K 
Tx4  * Combustor  exit  total  temperature,  K 
* total  combustor  airflow,  kg/ sec 

The  aero  parameters  used  in  calculating  the  PWW  values  are  found  in 
Table  4.1*2. 

The  measured  results  were  based  on  an  overall  power  level  determined 
from  the  *-«rnal  fluctuating  pressure  measurements  reduced  to  1/3 -octave-band 
Spectra  ana  corrected  for  frequency  response  loss.  The  overall  levels  deter- 
mined from  these  pressure  measurements  (considered  to  be  acoustic  plane  wave 
signals)  were  converted  to  power  level  accounting  for  impedance  changes  due 
to  differences  in  test  conditions,  Mach  number  effects,  and  area  differences 
at  each  measurement  plane  as  described  in  Section  3.7.  The  resulting  power 
level  was  designated  FFWl^gga  with  units  in  dB  re  10“13  watts.  The  para- 
meters used  in  the  conversion  to  PPWlmeaa  are  found  in  Table  4.1-2. 

The  comparison  of  PPWLtoeas  to  PWLgg  for  the  combustor  internal  sensors 
at  Planes  3.0,  3.5,  and  4.0  are  shorn:  in  Figure  4.4—1.  Good  agreement  is  ap- 
parent in  the  slope  of  the  data  at  all  planes.  The  measured  levels  at  Plane 
3.0  are  2 to  4 dB  lower  than  the  equal  power  level  line,  which  may  be  due  to 
the  transmission  loss  through  the  combustor  liner,  while  at  Planes  3.5  and 
4.0,  the  levels  are  about  4 dB  higher  than  the  line.  These  results  indi- 
cate that  the  internal  power  levels  are  predicted  quite  accurately  with  the 
FWL(32  simplified  correlation  over  the  entire  operating  range  of  the  engine. 

Coherent  PWL  in  Core  Exhaust  Compared  to  Engine  Prediction 

The  Ptti<GRFAA  engine  prediction  is  based  on  a correlation  derived  from 
engine  far-field  data  and  core  probe  results  obtained  during  tests  conducted 
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CF6-50  Standard  Combustor 


Figure  4.4—1.  Comparison  of  Internal  Sensor  FWl^ess  to 


miit  the  Cote  Engine  Program,  Reference  ll* 
the  engine  correlation  is  calculated  from 


overall  power  level  from 


"««WA  * 1«».3  ♦ 10  log  «36<tl ^t3)Ht3/0a)2  - *0  log  <T‘ri-Tt.>t,6.i*,. 
re  10-13  watts  3 


% *****  the  nomenclature  is  described  above  end  (T* 
temperature  drop  across  the  high  and  low  pressure4 
design  point* 
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turbines  at  the  cycle 


Hie  comparison  with  the  measured  power  level  is  based  on  the  «-«**«»* 
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£2??  iTtl/tlt  u * the  as-measured  fluctuating  pressure  measure- 

®thJu8t  vas  hi«her  *han  the  predicted  power  level  from  the 
engine  correlation.  To  more  accurately  compare  the  ECCP  Phase  111  data  with 

the  coh™nt  **rt  “ thett^beuL?s:  rth 

spectra  with  the  Kulite  B signal  vas  used  te  compute  tha 

vtn **gure  4*4-2  iJlu8t5atea  the  comparison  of  the  coherent  PUi*.*.,..  with 
inS2^iio2\SV? * 8how  reasonable  agreement  in  level  tod  goSd  Jgrement 
/ 1 °S*  the  measurement  (coherent)  results  with  the  ECCP  Phase  111 
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4.4.2  Par-field  Coherent  Output  Power 


Coherent  Output  Spectra  Comparison  from  Plane  3.5  and  Plane  8.0 

« n£:  £a  rf/,tertir  bet«« the  Hinn 

“ d **h  Microphone.  a .Imilar  nt  of  .peetro 

J •*?"•?  th'  P1“*  !*“•  «*•  <*»»'  Kulite  md  the  fAr-fUld 
microphones*  The  complete  set  of  far- field  coherent  out  nut  snt  am1,.oa 

Appendix 6 C il0toewithe^bulOt  the  T6D  l6Wegt  *****  8ettin88  is  In 

ppendix  c along  with  tabulations  of  raw  and  coherent  OASPL  and  OAPWL. 

4 typical  comparison  between  the  raw  (measured)  spectra  on  th-  as  79  «, 
(150  ft)  arc  Corrected  to  free  field  tod  the  coherent  KSraat  toian*  l!  i„ 
presented  in  Figure  4.4-3*  Figure  4.4-3(a)  Shows  the  c^ertot IpeottuTlt 

vervMttle  ffth^t^-10/0  20  dB.bel°W  the  raw  antrum  and  indicates 
4 4-3m  lhow«  22  tJTal  C°te  noUe  dominated  ahape.  in  contrast,  Figure 
betJl^vnn  f 1™  S°hfre,15  ®Pectrum  at  15%  Ffl  to  exhibit  a peaked  region 
h . t0  Bz  *eVe*  lh  this  region*  ihe  low  frequencies  (<100  fts)  of 

M?£  rTllTei  l°  dB  below  the  ^ctruigare  2 5 

sfisx^rs.' “ss;,r  thrf“-field  JS^ -^2: 
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Figure  4.4- 
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for^th^rSr^  i®Vel  Spectra  Cot^arison 
for  the  GF6-50  Engine* 


from  the  mean  square  average  Sound  pressure.  Table  4.4-1  lists  these  Direc- 
tivity Indices  for  all  test  conditions.  Figure  4.4-9  shows  the  i>l  distribu- 

Plane  8.0  internal  sensor  for  the  three  power  settings 
3®*r*  fnd  Fh*  figure  indicates  s peak  directivity  index  at 

130-  for  the  low-power  point  with  a shift  to  120*  at  the  higher  power  set- 
tings. The  shapes  of  the  Dl  distributions  are  similar  but  are  not  identical. 

. , *f"  c®atta85 » the  D*  distribution  referenced  to  Plane  3.5  in  Figure 
4.4-10,  shows  close  agreement  in  both  shape  and  level  for  angles  above  60* 

The  peak  values,  occur  at  140*  for  15*  Pn  and  130*  for. the  higher,  thrust 
conditions • 

Figure  4.4-11  shows  the  comparison  of  the  directivity  index  deter- 
mined  from  the  measured  data  at  30. 8t  Ftt  (referenced  to  Plane  8.0)  and  the 
predicted  Di  from  the  GE  core. noise  prediction  (Reference  11),  the  compar- 
ison shows  the  prediction  to  underpredict  (r4  dB)  the  forward,  angles  «100*) 
and  over  predict  (+3  dB)  in  the  peak  angle  region  oj  110*  to  130*. 


4.4.3  Coherent  Output  Power  Summary 

The  results  from  the  internally  generated  power  levels  determined  from 
the  measured  pressures  in  the  standard  combustor  of  the  CF6-50  engine,  match 
the  simplified  component  prediction  defined  in  Reference  1.  the  coherent 
power  level  computed  from  the  CF6-50  core  exhaust  duct  measurements  obtained 
with  the  sound  separation  probe  agrees  with  the  GE  core  noise  prediction 
described  in  Reference  11  and  with  similar  PWL’s  calculated  for  past  tests 
(Reference  2).  This  result  indicates  that  valid  core  noise  data  can  be 
obtained  with  duct  probe  measurements  at  a single  immersion. 

the  cdtr.  noise  contribution  to  tbe  ouernli  engine  noise  cnn  be  seen  from 
P««t  t.lculetna  «<*  the  for- field  oessur  scenes.  The  coherent 
power  in  the  far-field  appears  to  be  better  defined  by  the  set  of  far-field 
Coherent  spectra  determined  relative  to  the  core  nozzle  discharge  Plane  8.0 
rather  than  Plane  3.5  in  the  combustor.  The  coherent  OASPL  and  PWL  directiv- 

directivity^(  ~120*)?  U°  **  13°  * *l®h  l“  th*  regiott  °£  ****  cor * noiae 

The  directivity  index  determined  from  the  acoustic  intensities  was  ccm- 
pared  with  the  prediction  (Reference  11).  Results  of  the  comparison  showed 
the  engine  data  to  be  greater  than  the  prediction  (by  3 dB)  in  the  peak  angle 

angles  (<100*)*°  * ***  ****  *****  the  pre<liction  4 dS>  itt  the  forward 
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Table  4.4-1.  Summary  of  Far-Field  Directivity 
Indices  from  Coherent  Measurement 
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5.0  conclusions 


®*d  work  performed  during  the  execution  of  chii  contract  has  lead  to 
several  conclusions  and  observations  from  the  analysis  remits.  The  simul- 
taneous acquisition  of  a sat  of  fluctuating  pressure  measurement*  froa  en- 
gine internal  end  fer-field  sensors  over  the  operating  range  of  the  ($6-50 
high-bypass  turbo fan  engine  fottta  the  Hue leu a of  a unique  data  bade  for  ccm- 
pariaon  with  aeparate  internal  and  far- field  data  on  thia  type  of  aircraft 
engine  system.  The  following  conclusions  «re  based  on  ordinary  coherence 
analysis  Uiich  assumes  a linear  process . if  nonlinear  processes  exist,  then 
the  conclusions  stated  may  not  be  valid. 


5.1 — OBSERVATIONS  ON  tHE  ACQUISITION  AMO  PROCESSING  OP  MEASUREMENTS 

A key  factor  in  the  correlation  and  coherence  analysis  of  these  data 
is  the  simultaneous  acquisition  of  measurements  from  internal  and  far-field 
sensors.  The  measurements  must  be  checked  for  eignal  polarity  in  order  to 
properly  determine  phase  information.  An  impulse  signal,  such  ss  a blast 
from  a Shotgun  or  horn,  etc.,  recorded  simultsneously  on  all  channels,  pro* 
video  a polarity  check  for  far-field  microphones  that  is  a considerable  time 
savings.  Kulites  have  to  be  pressure-checked  for  signal  polarity. 

The  selection  of  time-series  parameters  for  data  analysie  has  an  in- 
fluence on  the  output  results,  Pot  example,  with  this  set  of  data,  cross- 
correlations  between  poorly  Correlated  signals  are  sensitive  to  computation 
parameters,  the  cross-correlations  between  internal-to-intetnal  sensors 
were  determined  to  be  best  when  the  frequency  hands  were  restricted  to  100* 
1000  As,  while  the  intethal*to-«uctethsl  cross-correlations  were  best  when  a 
100-500-Uz  frequency  range  was  used. 


5.2  CORE  NOISE  SPECTRA  COMPARISONS  WITH  ECCP  PHASES  II  AND  111  RESULTS 

Comparisons  of  the  1/3-octave-bend  spectral  results  from  the  internal 
measurements  obtained  on  the  CF6-50  engine  * fitted  with  the  standard  pro- 
duction annular  combustor  with  similar  engine  internal  spectra  obtained  from 
the  ECCP  Phase  III  program  with  a double  annular  combustor  * indicated  a 
general  agreement  in  spectra  levels.  Differences  were  noted  in  the  spectral 
Shapes  at  nearly  all  measurement  planes  within  the  combustor.  However,  this 
was  expected  since  the  combustora  were  quite  different  in  design. 

The  comparisons  of  fuel  nozzle  spectra  with  the  combustor  inlet  spectra, 
triiich  were  obtained  on  this  program,  indicated  that  the  spectral  shapes  were 
similar  for  both  measurements  and  the  degree  of  similarity  increased  with 
speed.  However,  the  peak  regions  did  not  vary  with  speed  but  remain  in  fixed 
frequency  bands.  The  internal  spectra  exhibited  a bilobed  shape  with  peaks 
occurring  between  300  to  600  Hz  and  between  1200  to  1600  Hz.  The  low  fre- 
quency peak  corresponds  to  the  typical  frequency  range  associated  with  Com- 
bustor noises,  the  fuel  system  components  are  the  source  of  several  tones 
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Ch6  natrowbartd  spectra  of  the  fuel  nozzle  measurements  and 
in  the  far-field  measurements  at  the  idle  condition. 

A comparison  of  the  engine  data  with  the  ECCP  Phase  II  results  from  the 
full-scale  duct-fig  tests  of  the  CP6-50  standard  annular  combustor  showed  the 
power  spectra  to  be  generally  similar  in  shape,  especially  in  the  combustor 
discharge  region.  The  engine  levels  agreed  with  the  duct  rig  at  the  low  fre- 
quencies (<315  HS) , but  were  lower  than  the  component  data  at  the  higher  fre- 

f?r  both  l0let  dB)  ®nd  discharge  (-8  dB)  planes  at  the  approach 
power  setting.  Greater  differences  were  noted  at  the  takeoff  condition  com- 
pari  soil, 

‘ 1 n measut emettfe  plane  location,  instrumentation,  the  choked 
turbine  nozeie  diaphragm  in  the  engine,  and  the  variations  in  the  test  condi- 

ons  — all  contribute  to  the  differences  in  levels  apparent  between  the  en* 
gitte  and  duct  tig, 

5*3  APPARENT  PRIMARY  CORE  NOISE  SOURCE  LOCATION 

between  selected  pairs  of  internal  sensors  were  used 
to  identify  a probable  region  within  the  combustor  that  appeared  to  be  a 
primary  noise  source  location.  Vectoring  of  the  time  delays  indicated  the 
apparent  location  of  the  primary  noise  source  within  the  standard  production 
combustor  is  between  Planes  3.5  and  4.6*  The  analysis  indicated  that  several 
d^tterent  groups  of  frequencies  contribute  to  the  sources  within  the  combus- 
or*  . lf  al®°  al>pArent  that  these  groups  of  frequencies  travel  at  differ- 
ent  directions  within  the  combustor.  There  is  evidence  of  circumferentially 
traveling  waves  similar  to  those  indicated  in  the  ECCP  Phase  III  results. 


5.4  TUftBlNE  TRANSMISSION  LOSS 

* . 3®  ff' 8fflisfio«  l6s®  Across  the  CF6-50  turbine  and  exhaust  nozzle  was 
determined  from  the  CP6-50  engine  internal  coherent  measurements  in  terms  of 
A dBpWL  attetttuation.  Comparison  of  the  results  from  the  present  test 
with  those  of  a previous  test  Conducted  under  the  ECCP  Phase  III  program 

iSrriLf!!6  CF6~5?  f?te  no*®e  Attenuations  to  be  generally  higher  than  the 
ECCP  data,  especially  at  frequencies  above  160  Hz.  The  reason  for  this  can 

;L“  ributed  t0  the  l°w  coherence  values  that  Occur  between  the  Plane  3.5 
(??2J  A«nAor  the  Core  probe,  Plane  8.0A  (2704),  which  indicate  little 
signal  coherence  at  Plane  8.0  relative  to  the  combustor. 


The  theoretical  prediction  is  lower  than  both  the  core  noise  and  ECCP 

a^r!U?feiun8;t.bUt  th*  ApectrS.1  shape  is  Similar.  The  differences  between  the 
data  and  the  theory  may  be  attributed,  in  part,  to  the  large  engine  exhaust 

n?*p*e.4  Ctj*re?  cban®eS*  potentially  producing  more  attenuation  than  the  sim- 
plified production  model. 


*r*  w“  *>««*  b«WM 

pl«e.  However , very  low  values  «#  th*  4*ni°re  et  the  core  exit 

«T  jrr* eh*  <<o-u 

4dJ*f8t  th8t.  for  the  CP6*50  hiei-bioIee^kJ?1  tifl«le  outPut  signal  may 
^ heve  been  mote  appt^iJS"  S^fjf  J?1*"*  *«*P*  * distent 

fiiBd°ldUf!twlt  baftd8)  «®^«MittSd  ti!  5!!e  *?**  multipie 

»t  fie*d  from  the  engine  el  one  difS^*!!..^  the  itttern*1  source  to  the 
5b®,  en8ine  sidewall  , or  the  fen  sttssU*!!^  f?thl*,/ #uch  84  the  cote  nozzle  exit 
i«fc5“«frby  •«««  1 «Mtiotul  aaKu'f!  J"7tUM  **«»»«  i*  ' 

^SK.'Lffl  c*“ 

erronec^  information,  a possible  °J  th^  pifoble“  Chet  could  lead  to 

222*5  ^ltipU  coherence  ehich  le.The IfS^6  Sttih  a 8it“*“on tight  be 

-ss .“  c<"Mm£1o#  *it'1  eh*  *mum  ^“^r;»^.s°XrL1‘,tm*1 


THe  coherent  power  level  . , 

the  sound  Separation  probe  in  the  cFk6%nfrd,i  £he  1 *easutewents  obtained  frOsi 
Cenerei  Electric  core  noise  Sr2Lff^  ^0t?  5hau4t  duc£*  -«rees^ith  tS 
This  result  indicates  that  valid  core  nn?d  *J‘h  Ptevious  engine  test  data 
probe  measurements  at  a single  ^ **  C*°  be  obt8i"ed  with  duct* 

from  the  •easwll^g^#“2*3»i1I tfl?*r4t*d  fD**r  1 eve  Is  «.  determined 

“ “ --™  s^wsm.v.arSS: 

5-’  a™  mm  ms.  mmm 

S,.'«4SL*,rp,“*“  cl««ly  define 

iVa^2^;#^rs.s£,lr 

ordinary  coherence  procedure  aoDearM  p0ll,ir  obtained  frott  the 

cf  datalevel  °f  coheret,ce  «t  many  of  the  micro^!^ ^oneble  with  this  engine,  due 
f data  was  processed  through  a multinio  *i®roPhone  locations,  if  this  set 
that  employs  a single  input /single  outnut-  °J*frtence  Procedure  rather  than  one 

iJSt  .rU.bg  aChiaVed‘  ^e^irectivity*indicaserhapa  highaf  c<>b^ence 
018ht  #lW  4lVe  4 b8«er  comperison'^th  trtenprediction!,t*d  ft°"  the«*  result, 
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APPENDIX  A 

COHERENCE . FUNCTlOlfe  Alfo  TRANfiFEft  FUNCTIONS  FOR 
INTERNAL  AND  FAR-PiElD  SENSORS 


tion/fiJTJh!!  a C?e  Adherence  functions  and  transfer  func- 

exntesfed  S'  A**  *Iqu*red  ufld?r  this  P^ogtm.  The  transfer  function  is 
expressed  as  Rain  and  phase.  Tine  delays  due  to  acoustic  nave  srAeaaafi*.. 

TSLm*”** d,t*-  £££ STtMtoSta to 

i?thi  ?Ldf^i!e5Ce  fe“ovfi*  1h*  transfer  gain  displayed  represents  the  loss 
in  the  far  field  due  to  other  causes  (nonlinearity,  Multiple  sources,  etc.). 


The  data  are  presented  in  two 
The  internal  results  are  presented 
nal  sensors: 


sets:  internal  and  internal  to  far  field. 
ia  Part  A for  the  following  pairs  of  inters 


e Plane. 3.0  (16*)  to  3.5  (42*). 
• Plane  3.5  (102*)  to  4.0  (92*) 


• Plane  3*5  (282*)  to  8.0A  (270*) 

• Plane  8.0A  (270*)  to  8. OB  (270*) 

• Fuel  notile  (42*)  to  3.5  (42*) 


• Fuel  no sale  (102*)  to  3.5  (102*) 

Titift*"****14  tti<ir6phohe*  *15)  paired  with  the  Plane  3.5  (102*)  and  Plane  a oa 
(270  ) sensors  are  presented  in  Part  B of  this  aooendi*  aii  a#  t-u*.  1 ,0A 

c«t  o«  thru.t  poiot.  *f  3.8,  15.0,  22.0,  26.7,  30.8/M.5. 

j a.  ^Alyiii  Mi  conducted  over  i frequency  rittte  of  0 to  lOdd  tile  tA+u  a 

??«  TSttZ,™  ‘ bl~k  “**•  - i“ul  S5J 
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Figure  A-3 


Coherence  add  Transfer  Functions 
for  Plane  ?.5  (282°)  to  Plane  8.QA 
(270°)  at  i.8%  Thrust. 
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- a)  Coha  ra  net  function 


I b)  Transfer  Function  Gain 


Figure  A-ll.  Coherence  and  Transfer  Functions 
for  Fuel  Nozzle  (42°)  to  Plane 
3.5  (42°)  at  15.0%  Thrust. 
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Figure  A- 19.  Coherence  end  Transfer  Functions 
for  Plane  3.0  (16°)  to  Plane  3.5 
(42°)  at  26.7%  Thrust. 
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Figure  A-23.  Coherence  and  Transfer  FuncCions 
for  Fuel  Nozzle  (42°)  to  Plane 
3.5  (42°)  at  26.7%  ThrUst. 
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Figure  A-40.  Coherence  and  Tr< 
for  Plane  8.0A  t< 
(270°)  at  45.57.  1 
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Figure  A-70.  Coherence  and  Transfer  Functions  for  Plane  8.0A  (270 
to  140  Far field  Microphone  at  3.8%  Thrust. 
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a)  Cohartnca  Function 


Figure  A-81#  Coherence  and  Transfer  Fun 
to  100°  Farfield  Microphon 


b>  frihaior  ranction  Gain 
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Figure  A-100.  Coherence  and  Transfer  Functions  for  Plane  8.0A  (270°) 
tb  140  FarXield  Microphone  at  15%  Thrust. 
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Figure  A-120.  Coherence  end  Transfer  Functions  for  Plane 
8.0A  (270  ) to  40  Far field  Microphone  at 
22.8%  Thrust. 
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Figure  A-122.  Coherence  and  Transfer  Functions  for  Plane 
8.0A  (270  ) to  60  Far field  Microphone  at 
22.8%  Thrust. 
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Figure 


^~123*  ft°mr^7A°?nd  T^0Sfer  Functions  for  Plane 
) to  70  Farfield  Microphone  at 
22.84  Thrust. 
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Figure  A-124. 


Coherene^and  Transfer  Functions  for  Pis 

77  ) t0  80  Farfi6ld  Micropau-e  « 

22.8%  Thrust. 


Figure  A-131.  Coherence  and  Transfer  Functions  for  Plane 
8.0A  (270  ),  to  150°  Far field  Microphone  at 
22.8%  Thrust. 
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Figure  A- 143.  Coherence  end  transfer  Functions  for  Plane 
3.5  (102  ) to  120°  Far field  Microphone  at 
26.7%  Thrust. 
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Figure  A-147 . Coherence  and  Transfei 
3.5  <102°)  to  160°  Fax 
26.7%.  Thrust. 
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Figure  A-161.  Coherence  and.  Transfer  Functions  for  Pland 
8.0A  (270  ) to  150°  Farfield  Microphone  at 
26.7%  Thruet. 


314 


s».o« 


LMte  FREO 


ie«w. 


Figure  A-rl&3*  Coherence  and  Transfer  Functions  for 
Plane  3.5  (102°)  to  10°  Farfield 
Microphone  at  30^8%  Thrust. 
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Figure 


-169.  Coherence  and  Transfer  Functions  for 
Plane  3.S  (102*)  to  80*  Farfieid 
Microphone  at  30.8%  Thrust. 
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Figure 


-173*  Coherence  and  Transfer  Functions  for 
Plane  3.5  (102*)  to  120*  Parfield 
Microphone  at  30.8%  Thrust. 
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Figure 


182.  Coherence  and  Transfer  Functions 
for  Plane  8.0A  (270°)  to  60° 
Fnrfioid  Microphone  at  30.8%  Thrust 
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Figure 


-183.  Coherence  and  Transfer  Functions 
for  Plane  8.0A  (270°)  to  70° 
Farfield  Microphone  at  30.87o  Thrust 
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Figure  A-185.  Coherence  and  Transfer  Functions 
for  Plane  8.0A  (270°)  to  90° 
tfarfield  Microphone  at  30.8%  Thrust 


gure  A-187.  Coherence  and  Transfer  Functions 
for  Plane  8.0A  (270°)  to  110° 
Farfield  Microphone  at  30.8%  Thrust 
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Figure 


,-189.  Coherence  and  Transfer  Functions 
for  Plane  8.0A  (270°)  to  130°- 
Farfield  Microphone  at  30,8%  Thrust 
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Figure  A-198.  Coherence  and  Transfer  Functions  for 
Plane  3.5  (102°)  to  70°  Farfield 
Microphone  at  36.5%  Thrust. 
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Figure 


.-209 . Coherence  and  Transfer  Functions 
for  plane  8.0A  (270*)  to  30° 

Far field  Microphone  at  36.5%  Thrust 
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Figure  A-210.  Coherence  and  Transfer  Functions 
for  Plane  8.0A  (270*)  to  40« 

Farf ield  Microphone  at  36.5%  Thrust 
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gure  A-214.  Coherence  and  transfer  Functions 
for  Plane  8. OA  (270°)  to  80° 
Farfield  Microphone  at  36.5%  Thrust 
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Figure  A-223;  Coherence  and  Transfer  Functions  for 
Plane  3.5  (102?)  to  10°  Farfield 
Microphone  at  45.5%  Thrust 
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lgure  A- 225.  Coherence  and  Transfer  Functions  for 
Plane  3.5  (102°)  to  40°  Farfield 
Microphone  at  45.5%  Thrust. 
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Figure 


>-229.  Coherence  and  transfer  Functions  for 
Plane  3.5  (102°)  to  80°  Farfield 
Microphone  at  45.5%  Thrust. 
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■*234.  Coherence  and  Transfer  Functions  for 
Plane  3.5  (102°)  to  130°  Parfleld 
Microphone  at  45.5%  Thrust. 
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Figure. A- 239.  Coherence  and  Transfer  Functions 
Plane  8.0A  (270°)  to  30°  Farfield 
Microphone  at  45.5%  Thrust. 
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Figure  A- 243.  Coherence  and  Transfer  Functions  for 
Plane  8.0A  (270°)  to*  70°  Farfield 
Microphone  at  45.5%  Thrust. 
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APPENDIX  B 

turbine  transfer  function  results 


f fhiue  "f Sr  functlon  re8ults  Presented  in  this  appendix  ate  in 
the  form  of  coherent  1/ 3-octave-band  SPL  spectra  comparisons  at  each  test  con- 
dition.  Turbine  attenuations  were  obtained  between  the  coherent  spectra  at 
c^«ent  spectra  at  Plane  8.0,  both  of  which  are  referenced 
to  Plane  3.5.  Noted  on  the  spectra  are  regions  where  both  spectrum  had  co- 
herence levels  of.  less  than  0.1..  Hie  low  coherence  levels  in  these  regions 
gave  excessive  attenuation  results,  lhe  attenution  results  presented  are  for 
^thrSt^6  P°"er  settings  of  3.8,  15.0,  22.8,  26.2,  30.8,  36.5,  and  45.5* 
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Figure!  B-i.  Turbine  Attenuation  Comparisons  from  Coherent 
Spectra  on  the  CF6-50  Engine  (Continued). 
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Figure  fi-1.  Turbine  Attenuation  Comparisons  from  Coherent 
Spectra  on  the  CF6-50  Engine  (Concluded). 


1 


APPENDIX  C 

COHERENT  Output  SPECtRA  REStff.tfi 


« M«ni“  (lor)1^*  t\Tm-rcrpui  p*8?*,  fro° tha  i»e«n4i 

10  . 30.  40,  30  , 60  , 70  M 4l  iL  f?  **5  ulcfoUiona  (i.e.,  a - 

Tabulations  of  raw  and’J&r!^  #m.  , A?'  146‘  1So-  ‘O'1  160  d«».,) . 
Ciudad  for  tha  .even  »*  ! “ *?  *".««<  set  of  data  ar”i»- 

32.0.  26.7  , 30.8.3«X1L1“s?L‘ertr^)ftt  *“*  ““y,U  (1'*-  »•*.  15. 

"1th  a sample  baodtddt^of^s^Hr'^i'M  **»*}*  fra<!uency  range  of  50  to  1600  Ha 
**  * total  record  WtS  of  4o  LoMi  “ °f  2048  *«0  average 
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Flgur.  C-l,  Coherent  Output  sn  Spectra  free 

^anea3,5  <102  ) to  Farfield  Mien 
phones  at  3.8%  Thrust  (Continued) 
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Figure  c-4. 


SIT  w spectr* *«« 

lane  3.5  (102  ) to  Farfield  Mic 
phones  st  26.7*  Thrust  (Continue 
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1/3  OCTAVE  BAND  COHERENT  OUTPUT  SPL,  dD  re.  2 x 10 


Figure  C-5*  Coherent  Output  SPL  Spectra  from 

Plane  3.5  (102°)  to  Farfield  Micro- 
phones at  30*81  Thrust  (Continued). 
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Coherent  Output  SPL  Spectra  from 
Plane  3.5  (102°)  to  Farfield  Micro 
phones  at  30.8%  Thrust  (Concluded), 


Figure  C-6.  Coherent  Output  SFL  Spectra  from 

Plane  3.5  (102°)  to  Farfield  Micro- 
phones at  36.5%  Thrust. 
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Figure  c-8.  Coherent  Output  SPL  Spectra  from 
Plane  8.0a  (270*)  to  Farfield 
Microphones  at  3.8%  Thrust. 
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fcigure  C-8.  Coherent  Output  SPL  Spectra  from 
Plane  6. OK  (270°)  to  Farfield 
Micropho  la  at  3.8%  Thruet 
(Continu.  4). 
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Figure  C-9.  Coherent  Output  SPL  Spectra  f*om  ' 
Plane  8.0A  (270°)  to  Farfield 
Microphones  at  15.0%  Thrust 
(Continued) . 
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Figure 


-10.  Coherent  Output  SPL  Spectra  £ 
Plane  8.GA  (270°)  to  Farfield 
Microphones  at  22. 8*  Thrust 
(Continued) * 
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Figure 


12.  Coherent  Output  SFl  Spectre  from 
Plene  S.OA  (270°)  to  Ferfield 
Microphones  et  30.8%  Thrust 
(Continued) . 
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Figure  C-13.  Coherent  Output  SPL  Spectra  frotn 
Plane  8.0A  (270°)  to  Farfield 
Microphonee  at  36.5%  Throat 
(Concluded) . 


Figure  C-14. 


.Coherent  Output  SPt  Spectre  ftom 
Plane  8.0A  (270°)  to  Farfield 
Microphones  at  45.5%  Thrust 
(Concluded) . 
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Overall  Pressure  Level  from.  CF6-5G  Measurements 
Referenced  to  Plane  3.5. 
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Table  C-2.  Overall  Power  Level  from  CF6-50  Measurements 
Referenced  to  Plane  3.5. 
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Table  c~4*  Overall  Power  Level  from  CF6-50  Measurements 
Referenced  ta  Plane  8.0. 

• PWL,  dB  re  1Q“^3  watts- 
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APPENDIX  d 
nomenclature 


Symbol 

A 

Aref 

»e 

BPR 

COP 
c,  c 
c 

d 

dB 

DPT 

DPT”1 

DFT* 

DI 

AdBPWL 

H 

®x 

£ 

P 

F* 

£/a 

* *n 
PPL 

PPWL 

Cxx 

Gxy 

HPT 


Description 

Annulus  cross- sect  ion  al  area  at 

combustor  measurement  planes 

Combustor  reference  area 

Resolution  bandwidth 

Pan-to-core  bypass  ratio 

Coherent  output  power 

Acoustic  velocity 

Average  acoustic  velocity 

Linear  distance  between  Kulites 

Decibel 

Digital  Fourier  transform 
Inverse  digital  Fourier  transform 
Complex  conjugate  of  Fourier  transform 
Directivity  index 

Turbine  attenuation  based  on  PWL 

Ohit  vector  normal  to  acoustical  wave  front 

Dhit  vector,  axial  component 

Frequency 

Fourier  Transform 

Complex  conjugate  of  Fourier  transform 
Fhel-air  ratio 
Percent  net  thrust 

fluctuating  pressure  l««i  « 2 x 10-S  B/.2 
«’TS-WV-itt*'“i  “ fluctuating  pt.Mur.. 

Autospectrum 
Gross- spectrum 
High  pressure  turbine 


Units 


Metric 

English 

m2 

(in.2) 

mi 

(in.2) 

He 

(fit) 

dB 

(dB) 

m/s 

(ft/ sec) 

m/s- 

(ft/sec) 

m 

(ft) 

m 

(in.) 

dB 

(dB) 

He 

(Hs) 

dB  (dB) 

dB  (dB) 
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^TTT-rw,t". 
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Symbol 

HPTH 

HRR 

Ha 

H2 

I H|  2 
|H*|2 

•* 

I 

LPT 

M 

M 

M 

madar 

N 

N2//?2 

Ni//e2 

OACOP 

oafpl 

OAPWL 
OASPL 
1/3  OBPPL 

1/3  OBRPL 
P 

*o 

*S 

PT 

ap34/p3 

ap34 

PWL 

R 


Be  script  ion 
Sigh  pressure  turbine  nozzle 

«l*  ^i)(t°tSl  tMl  fl°"  * •>«*“«* 

Hertz:  cycled/ Second 
Transfer  function 


Transfer  function  gain 

Transfer  function  gain  less 
due  to  spherical  divergence 

Intensity  flux  vector 

low  pressure  turbine 

Sample  averages 

Mach  number 


contribution 


Average  Mach  number 


Malfunction,  detection,  Analysis, 
tecording  subsystem 

Transform  block  size 


and 


Core  Speed,  corrected 

Pan  speed , corrected 

Overall  coherent  output  power  level 

Overall  fluctuating  pressure  level 

Overall  sound  power  level 

Overall  Sound  pressure  level 

OM-third  octave  band  fluctuating  preeaur. 


Ona^third  octave  band  eound_pte,aure  level 
-Acoustic  pressure  (tins) 

Ambient i standard  day  pressure 
Static  pressure 
total  pressure 

PCT  combustor  pressure  drop  relative  to 
upstream  pressure 

Combustor  total  pressure  drop 

Sound,  power  level,  re  10“13  watts 

Gas  constant  for  air 


Units 

jfefctic  English 


watts  (watts) 


rpm 

rpm 

dB  (dB) 

dB  (dB) 

dB  (dB) 

dB  (dB) 

dB  (dB) 

dB  (dB) 

kN/m2  (pais) 

atffl  (psia) 

atm  ( psia) 

«tm  (psia) 

X. 

atm  (psia) 

dB  (dB) 


i 

i 

! 

I 


j J 
M 


1 


1 


i 

i 
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Symbol 

ft 

RDG»  ftdg 
*xy 

t 

SLS 

8ft 

Stf 

A 

8 

SPL 

f 

*o 

*S 

Tt 

At34 

t 

$ 

Vft 

ve 

*18 

W25 

% 

tf$6.  «c 
WftT 

W36  <^3 
*3  A3 

*02 

•02 


Description 

Reference  radius 
Reeding  number 
Auto-corteUtion  function 
Cross-*cOrr  elation  function 
Arc  redius 
See  level  static 
Sample  rate 
Space  rate 

Coherent  output  spectrum 

sound  pressure  level*  re  2 a 16“$  N/m^ 

Record  Length 

Ambient,  standard  day  temperature 
Static,  temperature 
total  temperature 
Combustor  total  temperature  rise 
Sample  length 

Absolute  flow  velocity  vector 
Core  jet  Velocity 
Effective  (mixed  jet)  velocity 
Fan  jet  Velocity 
Core  engine  airflow  rate 
Compressor  discharge  airflow 
total  combustor  discharge  airflow 
total  fuel  flow 

Combustor  discharge  flow  corrected  to 
combustor  inlet  conditions 

Delta  (engine  inlet) 
theta  (engine  inlet) 

Random  error 

Difference,  increase  or  decrease 
Ordinary  coherence  function 
time  delay 


mite 

Metric  English 

* (ft) 

m ( in . ) 

* (ft) 


dB  - (dB) 
sec 

K (*  P) 

ft  (*  ft) 

K C ft) 

K (*  ft) 

sec 

m/s  (ft/sec) 
m/a  (ft/sec) 
m/s  (ft/sec) 
m/s  (ft/sec) 
leg/ sec  (lb/ sec) 
kg/ sec  (lb/ sec) 
kg/ sec  (lb/ sec) 
kg/hr  (lb/hr) 


sec 


4SS 


Symbol 

e 

p 

Pxy 

♦ 


Description 

fat-field  angle , citcumfetential  location 
fot  internal  sensor's 

Density 

Normalised  correlation  coefficient 
transfer  function  phase 


Units 

Metric  English 


deg 

feg/m3  (lb/ ft3) 


deg 


Subscripts 

a 

c 

e 

f 

0 

1 
2 

3.0 
3.5 

4.0 


8.0 


Air 

Core 

Effective 
fuel,  fan 

Initial  or  calibration  condition 
Largest  peak  in  cross-correlation 
Next  largest  peak  in  cross-correlation 
Compressor  discharge  plane 
Combustor  inlet  plane 
Combustor  discharge/ turbine  inlet  plane 
Core  nozzle  discharge  plane 
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